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CHE^S^IODIFIED MUTANT SERINE HYDROLASES SHOg ^ m 

IMPROVED CATALYTIC ACTIVITY AND CHIRAL SELECTIVITY^ ~ ^ 

CROSS-REFERENCE TO RELATED APPLICATIONS § 3 g 

This application claims the benefit, under 35 U.S.C. §119, of U.S. S • 
S e ri a.No..60/n3,06 lfi ledo„Dece m ber21,1998,PO,h„fwh i cha I e,„corpo ra ,edhere,nb y 
reference in their entirety for all purposes. 

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER FEDERALLY 
SPONSORED RESEARCH AND DEVELOPMENT 

[ Not Applicable ] 
BACKGROUND OF THE INVENTION 

Field of the Invention, 

This invention pertain to the Hi of serine hydrolases, M particular, thts 

cysteines which are then chemically derivatized. These chem.ca.ly modtfied mutants 
demonstrate altered enzymatic activity. 

Background . 

Enzymes are now widely accepted as usefu! catalysts in organic synthes,, 
However, natura. wild-type enzymes do no, accept a„ structures of Athene chemical 
, interest nor do they always produce ft. desired (e.g. enantiomeric* pure) products 

l^forsynmes, r^TT 

controlled manner, „ using site-directed and random nrutagenests ,ec ta .,ues o, P otem 
enaineering However, modifying enzyme properties by protein engmeenng has been 
5 I ..yLed^a^namralaminoacidreplacemen. 

Ltegies for overcoming this resMction have recently been denved (Cormsh e, a . (199 
jJL a». « 34: 621-633,,-these procedures are difficult to apply tn most 

laboratories. 
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bcon^oontto.ledc^ca.modificartonofcn^esoffesb.oaa 

enzyme properties by chetnicalmod^canon has been explor p 

. nf Render (e R Polgar et al. (1966) 7. Am. Chem. Soc, 88. 3153 3Wj 
by the groups of Bender te.g.roig ifi06-1611) who 

K^hland to e £ Neet « a/. (1966) Proa Atol W Sci., USA, 56. 1606 1611) 
Koshlandto,e.g..i ^ 
created a thiosubtilisin by chemical transformation (CH 2 OH -» CH 2 SH) 

serine residue of subtilisin BPN' to cysteine. 

h»* in produced artificial enzymes, includtng some w,,h 

(1995) ^.,34 ; 66 1 6-6620),a»d m o reI ece„ tly Suc 1 d m g(^,e g ,Suc B ,»g« 
n QQ3^ Bioon? Med. C/iem. Lett., 3: 542-534). 

( „ S Paten. 5,208,158 describes chemical.y — detergent enzymes 

where one o, more methionines have been mutated into cysteines. * cysteines ate 
llZ-tiy modified in order to confet upon the enzyme imptoved sfcb.hty towards 
"a ents. though improved s-i, is often a desitabieptope^tsaiso often 

stereoselectivity, ete.). ^ntinselectivity of hydrolases 

. Many method, for improving the actmty and enantroselectmty y 

• ♦• ■ Thev include extreme temperatures (Noritomi et al. (1996) 

Btotechnol B.oen g . 51.95 99, S ^ 
„/ (1996) Tetrahedron: Asymmetry 7. 2047-2054, noun g 

323- 26 Ph,.,ips(1992,^e M c TOi . 14: 417-419; Urn e, (1986), 

5 ftg.Cten.51.2047 Md Professiona l, London; Gutman et 

Reactions in Organ.c Jftfe. A.M., Blackie A 
„t (1995) Afv Biochem Eng IBiotechnol 52: 87-128, Gnebeno 
»• , l, „/ BfeeM 53' 351-362;Bonneau e <«/.(1993)B.'<.^C*e».. 21.431-438, 

!, of * substr <e (Gupta and Kaslausltas (1993) Tetragon: Asyntmetry 
structural vanation of the suDsrrarc ^ v ™«in«n.ick (1997)7. 

30 4- 879-888; Sib e, al (1992) (M» 4: 91-97), impnntmg (R.ch an D-d* ( 9 > 
1 Chem. Soc. 1 19: 3245-3252; Russell and Klibanov (1988, , BtoL a~ m 1 24 
U626 ,, lyoproKctants (Dabulis and Klibanov (1993, «— « = ««"■ 
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. /-ir ^ iifi- 7647-2648), chemical modification 
KhmelnitskyeM/.(1994)y^m. Chem. Soc. 116.2647 2 ) Soc 

, n c,^n 7R- Potear and Bender (1966) J. Am. L,nem. ou^ 
rScouten (1987) Methods Enzymol. 135. 30-78, roigar d 

tbcouieiH^o 7 iii.A*n-45K) site-directed 

88- 3153-3154; Wu and Hilvert, (1989)^. Chem. Soc. 111. 4513-4514), 

, 945-953; Bonneaue* al. (1991)/. 

mutagenesis (Wong et al. (1990) J. C*em. Soc, 1 12. 945 95 , 
„ Chem Soc 113 - 1026-1030; Zhongef a/- (1991) J. Am. Chem. Soc. 113. 683-684, 
^ aem S ° C ' ' . , rh 260 - 6518-6521- Sears and Wong (1996) Biotechnol 
Estell e< al. (1985) J. fi">/. Cfcm. 260. 6518 6ML * 

P , 12 4 3-433) andrandommut ag enesi S (Re e tz^/.(1997)^.C^.M^. 
Prog., 12. 423-433), 9Q . s^g.^. 

Ene/ 36: 2830-2832; Chen and Arnold (1993) Proc. isau. 
2- 0994) 370: 389-39!,. However, the chemical mod.ftcatron 

properties (GroneM. (.990) fir. J. Biocke*. .94: 897-901). 

SUMMARY OF THE INVENTION 
This tavern prides unique chemically modified mutant enzymes (CMM) 
Having unproved MriM » a variety of substrates. In general, me mutants are 
le hyd olases in which one or more amino acid residue, (preferably res, dues ■„ a ^. 
Ts S,' or S 2 > are rep,aced with a eysreine where the cysteine is chem,ca»y mod, ed by 

r^tr* 

• ^ ^pipcted from the group consisting ot a poiar aruma 

&====== 

serine hydrolases, a sub«.isin W serine proves, and chymotrypsm serine proteases, 
subtiHsin being a particularly preferred serine protease. inclulJe 
Preferred amino acids selected for replacement wrth cysteine mclude 

aspara.nCeucme.memiomne.and^ine. ^--—^1^ 

, m i <a ;« the SI subsite, amino acid 166 m tne a i suusu*, 

type enzymes) include amino acid 156 in the M , 

• • <?9? in SI' subsite and amino acid 62 in the s>z 

amino acid 217 in the SI' subs.te, ammo acd 222 ,n SI subs, 
subsite Preferred substituents include an oxazolidmone, a C,«»C, s alM am mo gr 

• u m A a .lvcoside (« «. a monosaccharide, a disacchande, and an 
30 a posmve charge, and a glycos.de teg, embodiment, 
oligosaccharide comprising pentoses and hexoses) (see, e.g.. F.gure 2). In 

07/20/01 04:21 PM 
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.h,o-propy,)-2*xazo,id m one,^^^ 
™»n n^-tenzyl-2-oxazolidinone, N<3Mtao-propyl)-(S)-4-benzyl 

„■» acid .56, amino acid ,66, amino acid 217, and ammo acd 222. Preferr 
. are as described above and herein. .m-v—j The 

This invention^ provides a method of formtng a pepnde bond. The 
methods preferably involve contacting a compound comprising an ester substrate wrth a 

:::: :rsJ^.»--^---*?-r ,, r" 

5 meestersubs.a.ecanbeaDoranLam.noacidesterandcnopnouailyhe 
.resentinapeptid, fcis favention provid esmethc.sofres„,ving 

-4- 
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and2octanol. Preterrea^yi activated 
esters(e ^ 

enzymes include, but are not hrmted to L217C-(CH 2 )a SU 3 

S " CH 3- ,• • ♦:««. nmvides methods of attaching a 

T« .till another embodiment this invention provides mem 

wto The, methods involve contact a sub,«ate 

with a catalytic senne hydrolase as ae . t Umited t0 D amino 

serine hydrolase catalyzes the format™ ot PP ^ ^ 

the amino acid ester may be a D or an L am 

^ Alsoprovidedaremethodsofproducingachemicallymodifiedmn^ 
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and chymotrypsm senne proteases wun g 

activity, and a transpeptidatvor. actmty. The screens may p 
10 steieoselectivity. 

amino acids making up the polypeptide. tft natura i synthetic, or modified 

The term "residue" as used herein refers to natural, syntne 

amino acids. , steins that are capable of catalyzing chemical 

tl p tprms enzvme includes proteins mai <uo s, v 

amino acid residue with a cysteine (or other) residue. ^ 
A "chemically modified" enzyme is an enzyme that has been 
3„ oearasuhstoentnotnomallyfoundatmatlocationinmeenzyme. 

07/20/01 04:21 PM 
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* nr "CUM." is an enzyme in which 

A "chemically modified mutant enzyme or CMM 

IIS.**—- *• 

disulfide hnkage f»™ed by reao«n g <h y ^ ^ ^ 

attached (excluding its thiol group;, 

group. THe difference will be dear from to context ^ 
The^indingsiteofanenzyme'cons.stsofaseneso 

and toe subsites are labeled S. By eonver, , ^^ring, 4: 

s . A d is cus S io„of S ubsheseanbefound,nS,eze„e I< . l .(1991 A, 

' 19 . 737 andFersbn^SS)^^-^—^^^ ~ 

— " 0ftea 0 tre„ i „prod»cereac ti onprodue K «p— indre 
— .ve^^ R „J overthe „ s . fotm)OTCOm er i e,y,ba,predo m na,e 

" D " f0rffl 7* e ^.L(or"S» foonover.be -R-fonn). The pre*— of 
25 in the "L" form over the D former m „„ preferably a substantial 

most preferably at least 98%). # m the XX subsite" is intended 

3Q The phrase - ammo acid ## or ammo 

07/20/01 04:21 PM 
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s^csennehyd.oiasesasweUasen.yn.eseni.nee^.op 

e.g., for synthetic purposes, hydrolases based 

tte -anserine hydrops -a6mj^^^ ten ^ 

on structural horned to enzymes inclutog *™ ^ ^ 
« g . Liaoe 1 aU19W)* i °*'" is " , ' 31:9 ' 

^onstructu—o, -^^S^J-.*^ 

15 proteinsorpeptides. As used here™, * *- . ^ ^ piodaced 

wombta a„,subtinsi„. — — ^1 acid sequences ordre^hers of 

— « ^ ^ 1 7 lo which anguishes them from me 

20 amino acid sequence defimng a cataiyuc m ^ chymotiypsta K lated 

chymotrypsinre^dciassotserinepro.ases. The ub^ ^ 

tte .chymotrypsm senne p o,ea*6 y . n 
hydroiyases based on srructura, homoiog, |» ■»£ * 8 

3Q The term "oxazohdinone relersiod 

and containing a keto group. 

07/20/01 04:21 PM 
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« ™rf other organic substances {e.g. aglycones;. 
" TZ^to desisted individual - glides, — s, 

containing saccharides. and secondary 

Resolving a recemic mixture reiers to rac 
alcohols resolving racemic primary and secondary alcohols 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 2 illustrates synthesis scheme 1, the moditic 

chiral auxiliaries. svn thesis of mandelate-based 

Figure 3 illustrates synthesis scheme 2, the synthesis 

15 ligands. _ , wnthesis of oxazolidinone-based 

Figure 4 illustrates synthesis scheme 3, the synthesis 

^ Figure 5 illustrates synthesis scheme 4; the synthesis of indanol-based 

F le 6B illustrates a comparison of S166C CMM specificity — . 
Figure ob in rt f t ?17C CMM specificity constants. 

catalyst. 

30 

07/20/01 04:21 PM 
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DETAILED DESCRIPTION 
^1. P Kfen ed modified en^es of to — — > •* <— - 

s,— "SIX— — 

s l se le^^^ 

transpeptidationreaction. .^.^ but 

The mutant enzymes are useful in a wide vanciy 

To facilitate such transamidation reactions, in certain preterre 
enzyme has high esterase and low amidase activity.. 




25 



30 



^ c^nn nf onzvme* far modification. 

Preferred enzymes for modification according to this invention include the 
serine hydrolase, The serine hydrolases are a class of hydrolytic enzymes ch^ 

restricted to, esters, peptides and amides. 07*0/01 0*21 pm 

21338163.1/23623-7043 



• * n t^c invention include the trypsin- 
Preferred serine hydrolases comprising this mvention 

„ -^~t^zr~-. ■ 

r ted to all serine hydrolases including enzymes that belong to the 
0 include, but are not limited to all sennehy • famiUes of structurally 

SUDt ilisinclass(subtilases),a/ P hydrolases or trypsiWchymotryspsrn fa 

serine hydrolase enzymes. 

ersymattc activtty .. determ ^ protem . protem 

■ s »bsites defined by Berger and Schecter can sm ^ esi( necessary if structural 

—- T- 4 -^ :ru« s in S J 5 e,„, 2 n 

25 information on a specfic enzyme a unavailable. In i. to 

substrate specificity determmmg sttes. These along 
and222areimponam» r iJrtitional related sites include 

position,*, .04, 107, ,89 and 20, in subtilisiu and homo,ogous posmo 

De, ° 07/20/01 04:21 PM 
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• ,, r ;„ the SI SI* or S2 subsites although it will oe a PP 
residues typically he in the SI, bl , or a ^ 

fc subii.es of ofcer ttypsin.hyn.o^sin-.ype serine P»«~ „ 
In sffllan»*er pre f OT ede ra bod ta e nl ,w te e*e^ 

su bsi,es. Mo, p— in a seisin , e " S ^ md site 2W 
yall, S.56, S>66, site .04, site 107 (S4), - * W -™ > 

subtilisin from Bacilus amylohquefacients or eq 
25 subtilisins such as Bacillus lento subtilisin. 

O i« *mrineHon o f cysteine, .,.•„„ 

— ^irllrX — en^eonn^ 
< e ,. g„fc te-fc subtilisin). Techmques for perfonn.ng 

V B ' 07 



21338163.1/23623-7043 



07/20/01 04:21 PM 

12- 



10 



15 



aUnincsoanningmu^esi^CunnmghamandWdM 
0 H g „„„c,eotide-,nedU<ed mutagenesis (Adeuman * (190) ««. 2. 

JLr — tw* - * <» 85 > °~ 344; 315) " ,d bi " dtag m "" ( 

(.. cys«^ iS in t rodaced«o teS e 1 ec,ed te r g eU«ebyo 1 igonucleo«de- m ^ 
pETorpHY4s CTi «.Th e p,asmidca„bechose„byperso MSta n=d.n«he a «for 

primer and the 5' primer are used to generate a UNA rrgm 
ubstitutio, TT.e^en.i.separa.dfromtheprimersbye.ectrophores. . After 

expressed enzyme are idenUfied. The seque oligonuc leotide 

n 07/; 
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„o„ever.an y convenien, — 
c^reassembiedinpropersequenc. o J5 „ ucleoMes) , s uch S ites are 

.ocating snitable flankmg regrons and evata, g ^ rf fc ^ ^ 

convenient restriction site sequences . m ^ enzymes 

. restriction enzyme map of the gene and the large mm, ^ ^ ^ 

"Trirrs^erex.nsioninaccordwi.hgeneranyVnown 

nrethods. Once the gene ,s cloned, the restnch teimtai .c„ mpl cmenury 
are digested - the cognate restriction en^nes and * ^ 

' ^r'TatlX^-anhesynthesi.dsoasto 



sites. 

20 



fc.ding ^tentiai 5' and 3' convenient flanfcng — ^ ^ acid 

coding sequence. For a candidate restnc on s,te to * * 

(CCC/GGG) wouid he a good , candtdae f a J ^ ^ ^ 

CCN . ^r.^-- — ''--'- A 

07/20/01 04:21 PM 
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. lf „,4ba S eoverhangenzymes.Ingene ra lmany 
cutfeger^esandrnosUtnngentfoHbaseo 

oxidate sites are available. cys(eine fflUta n,s into the 

enzyme of interest is illustrated wttb «** ^ ^ ^ § vector 

5 r sBL"). brapreferred«mbodin,e„.,«be g ene ^ oligon ucleo«ide- 

^edtnu^esistsperformedaecor g ^ cloned , excised, and 

introduced into an express,onplasn..d(e. S .P 

,0 (50%) U added as a stabilizer. ^ „ v flist pass i„g 

The crude protem concentrate ffiu M mM sodium 

20 — ---"^^^rX^PP-S^. * 

ista sedond,e m e,hodo(Bradforf(197e. ^ ntheeMmptes; 
OneofordinarysWutbea^wm^ 

B „, ag e«*, 5,705,479 and 5,6 .5475 » ^ muMgene , s , 

1 
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„„„ , 43 p roces s for conducting site-directed 
^.directed "* ^ ? 

m- -wcell The expressed protein is then iso 
he.erofcgousnuclercac.d.naho vectots will ,o a ex«en, 

necessary, purified. The choree of host cell an 

tosecredonofU.eexpressedp.o.e.n" for expre ^ 0 „ under ,he direcrion of 

. control sequences, a gene or cUN a frame 

Ve « K — 8 " , hosrceUsandexpressed. Suitable hos. ceUs 

su c„asmouse fibres, ce„, or ^ „ ^edby processes 
^ Mos, preferably, .he host . «*- > ^ expresston 

vector to culture the transformed host cell 

expressionoftheforeignplasmid. eptides are we ll known to those of 

Methodsofc^ngandex^ 

30 (2ndBd.,Vols,, C « 

-16- 
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GG 274 which is then expressed in a B. subtilis host. 
Chemica^^ 

talced Wo the senne hydrolase. Mm ^ , w „san,idat,on 

and/or a mnspepndation reaction. Preferre in , cyc lic or 

a^trornstaoue dimension and/or cOB S ,s»ngoftoeofmor 

In more preferred embod>men<s, the ^ derivatize<J 5 

^oups with a positive charge (,g. C C,, P ^ ^ 

c , t0 ClJ alkyl amino groups witir a ^^Xvatives .hero.,. Where 

^aerification activi* - «, t0 c „ afcyl groups) 

bearing a negative charge (eg. SO, , and otn 

including phopsphorus acid moieties, etc.). ^ ^ K , 

«— * T M r:« rll— epoia, 
nig »degreeofchira.specifici W ,des 1 red,par»^ A ^ 

tathi sinve„tionine 1 ude,hu,areno ^^^^a^**-* 
m e*oxy-2-phenyl-e.hyl-<h.ol, » ^.propyiMSH^^ 

ethy , fc io,,«,.«o-propy^ 
ox— e,M3.« 

(S )^-phenyl-2-oxazohdinone,N^ xm 
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■kj „. t hioV(3aR-cis)-3,3a 5 8,8a-tetrahydro-2H- 
indeno[l,2-dl-oxazol-2-one, and N-(3 tmo) ^ 

d]-oxazol-2-one. :„„i 11( te but are not limited to, the 

„„ pabular,, prefer — - include , b„, 

cnira. auxiliaries and ligands applied in asymmetric synte,, 

^ R group on cysteines provides a «— - r — 

,M is carried out as described by Berglnnd e, al (WD J. Am. 
15 n.e.hanc.hiosuifona^reagen^.scamedo „. 5968 . 5973 . 

Cte ». Soc., ™-™ S *** ^ " ( ' ' (MTS) reagent is added to a 
B ri e fl y,200 uL o f a 1 Mso tat iono ftom e,b— ^ ^« lInM 

solution (5,0 mg/mL, 3.5 mL) of the cystetne mutanv 

CaCU,pH9.5. Tbe MTS reagent * added in *»o po — r ^ by 

20 mixtures are kept at 20'C - continuous * „ residual ta « 

(, g . with EUman's reagent). Once th _ H 6 . 5 . ^protetn 

o u ,w™ PD-10 G25 column with 5 mM Mts anu i. 
aSephadex p a pi2 and the dialysate is lyophilized. 

Wocking/protecting groups to prevent undestred ^ ^ 

30 (e . g . benzyl, tn^tertbuty, oftldllint he 
use of blocking/protecting groups . well know 

-18- 
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Edition, Wiley-Merscience, Toronto, (1999), pp 454-493.) 

^-^^^e t^icUy sereened for the activ,*r 

^itiesofhttere, Sue— ^^^.----^•'-"• f 

transpeptidation, and the like. Assays, m 

r „ 8- 2291-2296 In one preferred embodiment, WK M is obtained 

15 [S1 « Km. E^e stoct — are ^ ^ , x Ifl . M fot 

(MES) with 2 mM CaCh, pH 6.5 at about 5x10 M tot ami 

^assays. — — -^^^Tir* 
•, w^tesucAAPF-pNa stock is 1.6 mM which gives 0.8 mMm the we 

camedout.nCUMtnsny 0 375 nM DTNB- This buffer should be used 

mediately as the DTNB decomposes a few h ^ j ^ 

-- te0f - h r7 eS ;:tJ — en^androwH 

. • „ iv/tp* huffer On a separate assay plate (Laming, 
con ta,„ S MES buffer O V ^ atag cotamm , 0 used m 

30 loading plate. 

07/20/01 04:21 PM 
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t: .ctpracp a^savs two columns are initiated iui a 

dela y be.ween addinon of enzyme ,0 to to. is 
5 seconds (amidase) and ,0-15 -ends (esterase). mBki41 , 

— •«* 

row H) (Labsyslems, Fmland) and u read conversion) 

10 providesanunderestonateofmerale. lb <P fthet()lalnm e 

^ tw data are converted to rates in Mb using mc 
programmed. These oaia ^ - M cm forp- 

Jf ^, t ,rWvlate-4-nitrothiophenolate(e.g.,e 41 4-^8lM cn 

T ^T 7 rW).Bo,be X Hnc ti o»coe ffi cien G arede^edon. i e 
nitroanuideande 4 i4-™M cm , ac in the assav The rates are 

r e s« « in ,be art one embodiment, S ,ereose,ectivity is de.erm.ned by 
known to those of skill in tne an. Chiralcel 
using s.e.eoseiecbve iicnnd or gas chroma»g.aph.c p.ocedures (,*., smg 

^=====---.. _ 

on. 



\ 
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MA, etc.)- These sysiems> iyy Tea din2s of the microplate 

a primary amine to form the peptide product. In th 

----- 

the modified mutant enzymes can be utilized 
25 f Hdelinka.eswithparticularchiralmoieties.lnparticular^he 

30 acid present in a polypeptide. 
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Enzymadc peptide coding is - attractive method for preparation of a 
™Wy of peptides because to method reouires minima, protect of me su s«ate 
:I s ILmi 1 dco„diH„ nS ,apddoe sn o,ca»se— ~ 
41-130 * *** P*-* <»— *»«■"- Press, Oxford). 

acid esters as acy. donors in peptide synthesis or an a-branched ammo acd am.de s . 
:^„r inpepldesynthesistogiveavarietyof dipeppdes. These reason are not coss.ble 

""""""trlemodiiieden^esofdtep.sent — canned, 
0Ig a„ic syndesis to, for example, catalyze a desired reaction and/or ,„ favor a certam 
stereoselectivity^ modified enzymes of this invention can also be utilized in more 

..traditional" application, Tnus, for example, the modified enzymes o, this i— , m 

— : — — — si 

surf actan,s useful in such decent— on V~» a 
anionic, or zwmerionic detergents (see, e. g ., U.S. Patent, . . 

.^ifipd enzvmes of this invention may provide improved wasn pen 
pass or blood, as determined by a standard evaluate procedure (e.g. gn 

!0 comP os,fion, ^^-^"^rrr-t^r 

enzymes ofthe present invention may be used for any purpose that the ^« * 

ZL are used. Thus, these modified crimes can be used, for examp,e, m bar o, h,u,d 

enzymes* <uc ua o7/2o/oi Q4 21 pM 

-22- 
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♦ ,t tens cleaning solutions or products, peptide 

produce a textiie resistant .0 certain en^e— ^ ^ ^ 

Patent application 3244,259. hig invention are used 

; incorporated into essen-y any cereal W, * fl,^, component of a 

barley, maize, sorghum, rye, oats, ^"^"^l ^. usually necessary to include species of 

n^tionis — — — ^„ B ^dandnottobeconfmedto 
appreciate that the uses of the enzymes of to mventto 
the uses enumerated herein. 

^^^^ 

.noyorscreeningmodifiedmuuntsoftomven^on. Suchknsp 
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more mutant serine hydros having one or more amino acid residues substituted wth a 
cysteine as described herein. The kits may additionally include one or more methane 
sulfonate reagents as described herein that can he used ,0 derivatize the mutant serme 
hydrolase. Such kits may additionally include one or more reagents and/or apparatus for 
5 performing such derivitizations. 

In addition, the kits can include appropriate substrates and/or reactants for 
screening the chemically, modified mutant enzyme for one or more desired activities as 
described herein. 

to another embodiment this invention provides kits for the use of the mod.fied 
10 mutant enzymes described herein. Such kits preferably contain one or more continue* 
containing one or more of the chemically modified mutan, serine hydrolases as descnbed 
herein. Such kits can also include appropriate reagents and/or substrates to use the mod.fied 
enzymes in one or more of the reactions described herein. 

In addition, the kits may include instructional materials conUining duections 
15 (,. protocol^formepracdceofmesynteses.usesorassaymemodsdescribedherem. 
Thus, for example, in one preferred embodiment, the instructional materials prov.de 
protocols derivatiztog the mutan, enzyme with one or more of the methane sulfonate 
reagents described herein. In another embodiment, the instiuctional materials may prov.de 
protocols describing the use of the modified enzyme in catalyzing formation of a peptide 
20 bond While the instructional materials typically comprise written or printed matenals .hey 
are not limited to such. Any medium capable of spring such instructions and 
communicating mem ,0 an end user is contemplated by mis invention. Such med,a mclude 
but are no, limited to election* storage media (e.g., magnetic discs, tapes, cartridges, chrps), 
optical media (e.g., CD ROM), and the like. Such media may include addresses to mteme. 
25 sites that provide such instructional materials. 
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EXAMPLES 

The following examples are offered to illustrate, but not to limit the claimed 

invention. 

Sam ple 1 : Covalent modification of su h tilisin Bacillus lentus cysteine mutants with 
5 enantiomericaliv pure chiral auxiliaries caus es remarkable changes in activity 

Methanethiosulfonate reagents may be used to introduce virtually unlimited 
structural modifications in enzymes via reaction with the thiol group of cysteine. The 
covalent coupling of enantiomerically pure (R) and (S) chiral auxiliary methanethiosulfonate 
ligands to cysteine mutants of subtilisin Bacillus lentus induces spectacular changes in 
1 0 catalytic activity between diastereomeric enzymes. Amidase and esterase kinetic assays 
using a low substrate approximation were used to establish k cal I K M values for the 
chemically modified mutants, and up to 3 fold differences in activity were found between 
diastereomeric enzymes. Changing the length of the carbon chain linking the phenyl or 
benzyl oxazolidinone ligand to the mutant N62C by a methylene unit reverses which 
1 5 diastereomeric enzyme is more active. Similarly, changing from a phenyl to benzyl 

oxazolidinone ligand at S166C reverses which diastereomeric enzyme is more active. Chiral 
modifications at S166C and L217C give CMMs having both high esterase k cat I K M 's and 
high esterase to amidase ratios with large differences between diastereomeric enzymes. 

In this example, we illustrate changes in enzyme catalysis induced by the 
20 covalent attachment of enantiomerically pure MTS ligands derived from chiral auxiliaries to 
cysteine mutants of SBL (Scheme 1, Figure 2). We selected mandelic acid and several 
oxazolidinones constructed from glycine, valine, phenylglycine, phenylalanine and cis-\- 
amino-indanol. We covalently linked the homochiral MTS ligands to cysteine mutants of 
SBL to create sets of diastereomeric chemically modified mutants (CMMs) allowing the 
25 observation of enzyme activity changes due solely to differences in the chiral environment at 
one site. This methodology acts as a very fine and precise probe of enzymatic catalysis, 
since any differences between diastereomeric enzymes are solely attributable to the spatial 

orientation of the ligand. 

Enantiomerically pure MTS ligands, la - i, (Figure 2) were synthesized and 
30 used to chemically modify the N62C, S156C, S166C and L217C mutants of SBL. These 
residues were targeted on the basis of SBL's x-ray crystal structure (X-ray structure solved 
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by Rick Bott at Genencor International Inc. Brookhaven data base entry 1 JEA of SBL). 
N62C is in the S 2 pocket near His-64 (nomenclature according to Schechter and Berger 
(1967) Biochem. Biophys. Res. Commun. 27: 157-162). S156C and S166C are at the bottom 
of the S ( pocket. However, S156C is surface exposed and S166C is buried pointing into the 
5 pocket. L2 1 7C is found in Si' which is where the leaving group is bound. A kinetic assay 
of amidase and esterase activity was conducted on these new diastereomeric CMMs in order 
to investigate their properties and to probe any changes in selectivity. 

Results 

Synthesis of MTS reagents la - i 

1 o For the synthesis of the mandelate based MTS ligands, (fl)-mandelic acid, 

(R)-2, was O-methylated with Me 2 S0 4 (Reeve and Christoffel (1950) J. Am. Chem. Soc. 72: 
1480-1483) in NaOH / H 2 0 to give (R)-3 in 37% yield (Scheme 2). The acid, (R)-3, was 
reduced in 72% yield with borane in THF to alcohol, (R)-6, which was converted 
quantitatively to mesylate, (R)-S, in CH 2 C1 2 . The mesylate was converted to bromide, (J?)-10 

1 5 (73%), by the action of LiBr in refluxing acetone, and methanethiosulfonate, (R)-l a, was 
formed in 84% yield from bromide, (R)-10, using NaSS0 2 CH 3 in DMF. The 
methanethiosulfonate (5)-la was made in an analogous fashion from (5)-mandelic acid (see 

Scheme 2, Figure 3). 

A similar approach allowed the synthesis of (R)-lb (Scheme 2). (/?)-mandelic 

20 acid, (R)-2, was esterified to give (R)-4 which was protected as its methoxymethyloxy ether, 
(R)-5, in excellent yield (90% for 2 steps). The ester, (R)-5, was reduced with LiBIt, to the 
alcohol, (R)-l (98%), which was converted to the mesylate, (R)-9, and then to the bromide, 
(R)-U (80% for 2 steps), using the same conditions as for the methyl ether analogue. This 
bromide was reacted with NaSS0 2 CH 3 in DMF for 2 days to give (R)-12 in 61% yield. The 

25 alcohol was deprotected by the action of TFA / H 2 0 to give the MTS reagent, (R)-lb, in 82% 
yield. The methanethiosulfonate (S)-lb was made in an analogous fashion from (5)- 
mandelic acid. 

The synthesis of oxazolidinone-based methanethiosulfonate ligands is shown 
in Scheme 3 (Figure 4). Oxazolidinones have been widely used as chiral auxiliaries in 
30 asymmetric synthesis, and the degree of asymmetric induction can be excellent in chemical 
transformations ranging from alkylations to aldol reactions to Diels-Alder additions (Gage 
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and Evans (1990) Org. Synth., 68: 77-91; Ager et al. (1997) Aldrichimica Acta, 30: 3-12). 
The commercially available oxazolidinones, 13 - (/?)-16, were alkylated with 1,3- 
dibromopropane or 1,2-dibromoethane in DMSO / KOH (Isele and Luttringhaus (1971) 
Synthesis, 266-268)to give the bromides, 17 - (R)-22, and converted to the 

5 methanethiosulfonates, lc - (*)-lh, in 38 - 61% yield over 2 steps. The MTS reagents (S)- 
ld - (5)-lh were made in an identical manner from the (S) oxazolidinones. 

The (\R, 2S) oxazolidinone, (R)-24, of m-l/?-amino-2S-indanol, (tf)-23, was 
prepared in quantitative yield by the reaction of (R)-23, triphosgene and Et 3 N in CH 2 C1 2 
(Scheme 4, Figure 5) (Sibi et al. (1995) Tetrahedron Lett., 36: 8961-8964). (*)-24 was then 

10 alkylated with 1 ,3-dibromopropane to make bromide, (R)-25, which was reacted with 
NaSS0 2 CH 3 to give (*)-li (49% yield for 2 steps). MTS reagent (S)-li was synthesized 
from cis- lS-amino-2£-indanol in the same manner. 

Enzyme Kinetic Assay 

Subtilisin mutants, produced as described above, were modified with the 

15 homochiral MTS reagents. Characterization of the new CMMs was done by PMSF titration 
(Hsia et al. (1996) Anal. Biochem., 242: 221-227) of their active sites, Ellman's titration 
(Ellman et al. (1961) Biochem. Pharmacol., 7: 88-95) of residual thiol (< 2% in all cases), 
ES-MS after FPLC purification (mol. wt. ± 6 mass units in all cases), and by nondenaturing 
gradients gels which all showed one band. 

2 0 Amidase and esterase kinetic assays were conducted on these new 

diastereomeric CMMs. Both assays were run using a low substrate concentration in order to 
obtain a specificity constant (k cal /K M ) that gave us an idea of the performance of the CMMs 
and allowed us to compare diastereomeric enzymes. (At low substrate concentration, (k cot / 
K M ) = Vinitiai / [Enzyme][Substrate]). The results are presented in Table 1 . 
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Table 1. Kinetic Assay 3 of SBL CMMs, 



enzyme 


amidase assay 
k cal / Km (mM A s A ) 


esterase assay 
k cal /K M (mM- ] s A ) 




(R) (S) 


(R) (S) 


WT a 

N62C b 

N62C-a 

N62C-b 

N62C-C 


209 ± 15 

92 ±7 
218 ±9 226 ± 1 1 
187 ± 10 220 ±9 

181 ±6 


3560 ± 540 

4380 ± 655 
5156 ± 131 5483 ±106 
3571 ±73 3054 ±171 

9185 ± 407 
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f 






4 




111 -4- 1 1 


9R4 ± S 


5440 ± 78 


4098 ±151 




HJO X 1 J 


4- 7 


11868 ±920 


6564 ± 157 




1d^ -4- ^ 
ZHJ in j 


1 SO ± 1 


4995 x 87 


3261 ± 163 


JNozU-g 


i QJ X H 


144 4- 7 


1635 ±58 


4120 ± 159 


N62C-h 


262 ±5 


335 ±7 


6149 ±202 


7591 ±209 


N62C-i 


165 ±3 


228 ±6 


4675 ± 143 


3279 ± 135 


CI (LfLcb 




84 + 4 


350 ±41 




/ Z X Z 


96 x 1 


1677 ± 16 


1246 ±48 




Ho X z, 




1061 ± 18 


929 ± 27 






7S 4- 1 

/ J x i 


4898 ± 


196 


c i &&c^ #i 
oloot-u 


/ J X 1 


" 76 x 1 


4215 ± 157 


4475 ± 196 


c i z^r - " a, 
MooU-e 




64 4- 9 


4076 ±111 


3964 ± 90 


C 1 £l£LC* $ 

MOOU-I 


ZZ X 1 


S9 x 1 


1495 ± 134 


3277 ± 134 


C 1 &£C* rw 

MooU-g 


1 f\A -4- 9 
llKf x Z 


^7 4- 1 


4281 ± 96 


4069 ± 165 


S166C-h 


35 ± 1 


80±2 


2150 ± 107 


5446 ±211 


S166C-i 


20 ±1 


47x1 


1488x54 


4556 ± 170 


Til ~1C^* 




S1 4- 4 


5540 ± 


798 


Lzl /U-a 


1C\A -4- ^ 
ZUH X J 


144 4- 4 


10140 ±231 


8075 ± 144 


T 0 1 H 


1 / J X J 


997 x 6 


9147 ± 167 


8714 ±324 


T 11 IP r» 

Lzl /U-C 




4- 1 
OJ x I 


5917 ± 


200 


Lzl /U-Q 


IUj x j 


104 4- 9 


8315 ±171 


9296 ± 665 


Til 7f « 

Lzl /U-e 


1 in -t- a 
izu x q 


184 4- ^ 

1 Ot X j 


8015 ±413 


6696 ± 255 


L217C-f 


73 ±2 


79 ±2 


6435 ±169 


5128 ± 163 


L217C-i 


118±4 


171 ±7 


7914 ±272 


7321 ±330 






1 47 4- R 


C 






i ni 4- 9 

1UZ x z 


QR x 1 


2468 ± 45 


1928 ±59 




OJ J 


90 ±2 


2284 ±81 


2528 ±68 


S156C-e 


88x2 


92 ±4 


1796 ±63 


2179±38 



a The amidase assay was done at 0.05 and 0.1 mM AT-Suc-AAPF-pNA 
in 0. 1 M Tris at pH 8.6, and the esterase assay was conducted at 0.01 5 
and 0.03 mM AT-Suc-AAPF-SBn in 0. 1 M Tris at pH 8.6. Assay errors 
are the mean standard errors from sets of six replicates. 
5 b kcat / ^obtained by full kinetic run of 8 substrate concentrations and 
calculation of independent k cat and K M values. Errors were obtained 
from the curve-fitting errors in k cat and Km- 

c Determination of esterase k cat /K M for S156C was impossible due to 
rapid reaction between the mutant and Ellman's reagent. 



Discussion 

Chiral auxiliaries are employed in asymmetric organic synthesis to block one 
diastereotopic face of a molecule thus forcing the reaction to the other face which results in 
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the formation of solely one diastereomer. The covalent coupling of enantiomerically pure 
(R) and (S) chiral auxiliary MTS ligands to SBL cysteine mutants has caused remarkable 
changes in enzyme activity. We can attribute these changes uniquely to the difference in 
spatial orientation at the ligand stereocenter when comparing diastereomeric enzymes. The 
5 extraordinary differences in catalytic activity between diastereomeric enzymes can be 
compared in Figures 6A, 6B, and 6C. 

N62C 

Of the N62C CMMs, the N62C-e set of diastereomeric CMMs is remarkable 
for displaying both high catalytic activity and a large difference between diastereomers. 

10 N62C-(tf)-e is both an excellent amidase (2.2 fold better than WT) and an excellent esterase 
(3.9 fold better than WT). In addition, the (S)-diastereomer is a good amidase (308 mM" 1 s" 1 ) 
and esterase (6564 mM -1 s" 1 ), but not as good as the (fl)-diastereomer. Thus, there is a large 
difference between the two diastereomeric CMMs with respect to esterase performance ((R) 
is 2.1 fold better than OS)) and a moderate difference in amidase activity. At the same time, 

15 the achiral modified mutant (N62C-c) is only as good an amidase (181 mM -1 s" 1 ) as WT and 
a poorer esterase (91 85 mM' 1 s' 1 ) than N62C-(i?)-e. These observations indicate that not 
only does the addition of a phenyl group at the 4 position of the oxazolidinone ring increase 
enzyme activity, but that the addition must be (fl)-phenyl. Thus, the (R)-e modification at 
N62C is affecting the enzyme in a unique manner. Individual k ca , and K M values were 

20 determined for the three enzymes, N62C-C and the N62C-e set, and these results are 
, presented in Table 2 along with WT values for comparison. It is obvious that the kinetic 
assay using the low substrate approximation slightly underestimates the k^, I K M values, but 
the ratios of catalytic activity between diastereomeric enzymes remains approximately the 
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same. 

Table 2. Kinetic Parameters of WT and selected SBL CMMs 8 



Enzyme amidase esterase 

(s 1 ) (mM) (mW's 1 ) (mM 's 1 ) ( s ') (mM) (mM s ) (mM s ) 

assay assa y 

WT 153 ± 0.73 209 ± 15 - 1940 0.54 3560 

4 ±005 ±180 ±0.07- ±540 

N62C-fi?)-e 163 ± 0.26 627 ±26 458 ± 13 2894 0.15 19293 13868 

2 ±001 ±H7 ±002 ±2895 ±920 
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N62C-(5)-e 164 ± 
2 

N62C-C 193 ± 
3 



0.41 


400 ±20 


308 ±7 


1106 


0.15 


7373 


6564 


±0.02 






±45 


±0.02 


± 1098 


± 157 


0.63 


307 ± 16 


181 ±6 


3447 


0.26 


13258 


9185 


±0.03 






±66 


±0.01 


±710 


±407 



' Notation as in Table 1 . 



Modification of N62C with (R)-U, (5)-le and lc decreases K M indicating 
better binding of the substrate, and in the case of amidase activity, it is this K M effect that is 

5 the source of the increased k ca , I K M , since these N62C CMMs have similar k ca , values to the 
WT. However, the changes in esterase activity for these enzymes are more complex. N62C- 
(R)-e and N62C-C show significantly higher k cal and lower Rvalues than WT giving overall 
5.4 fold and 3.7 fold respectively better esterase activity than WT. The N62C-(5)-e CMM 
does not display these characteristics. While it does bind the substrate very well and achieve 

10 half its maximum turnover rate at low substrate concentration (K M = 0.15 mM), its k cat (1 106 
s' 1 ) is much lower than WT. Therefore, it appears that a 4tf-phenyl substitution on the 
oxazolidinone improves overall catalytic performance by increasing k cat and lowering K M - 

In an attempt to improve on these results, the ethyl linked phenyl and benzyl 
oxazolidinone N62C CMMs were prepared (N62C-g and N62C-h). Surprisingly, there was a 

1 5 reversal of which modification made the best enzyme. In the case of the propyl linked 
CMMs (N62C-e and N62C-f), the (R) modification was the best amidase and esterase for 
both phenyl and benzyl groups. However, the (S) modification was the best when these 
same groups were ethyl linked. This brings to mind the flipping of substrate preference for 
transesterification reactions catalyzed by WT from (S) to (R) and back to (S) for secondary 

20 alcohols, p-branched primary alcohols and y-branched primary alcohols respectively (Lloyd 
et al. (1998) Tetrahedron: Asymmetry, 9: 551-561). However, in the present situation, the 
substrate does not change. Rather, the ability of the enzyme to convert substrate to product 
is altered depending upon the stereocentre of the covalently linked ligand as well as the 
number of bonds present in the link between the enzyme backbone and the stereocentre. 

25 S166C 

Modifications at S166C produced many sets of diastereomeric CMMs with 
large differences in activity. Primarily, the la, lb, If, lg, lh and li modifications produced 
CMMs with greater then 2 fold variances between diastereomeric CMMs. The largest 
difference of any set of CMMs was achieved with S166C-b which has a [kcat I K M (R)] I [k ca i 
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/ K M (5)] ratio of 3.2. Notably, the modifications with the phenyl and benzyl oxazolidinones 
at S166C reverse which diastereomeric CMM has greater catalytic activity in a way similar 
to the same modifications at N62C. However, at S166C the reversal is caused by the 
addition of a methylene unit directly to the stereocentre of the oxazolidinone ligand. The 

5 (fl)-phenyl oxazolidinone modifications ((/?)-e and (R)-g) produce S166C CMMs that are 
better than the (5) analogs, but the (S)-benzyl oxazolidinones ((5)-f and (S)-h) give 
significantly better S 166C CMMs than the (/?). 

Though none of these CMMs showed significantly greater than WT activity, 
S166C-0S)-g and S166C-(S)-i are good esterases (4069 mM" 1 s' 1 and 4556 mM' 1 s' 1 

1 0 respectively) and have high esterase / amidase ratios of 1 1 0 and 97 making them good 
candidates as peptide ligation catalysts (Figure 7 A). S166C-(S)-a and S166C-(S)-b have 
relatively high esterase / amidase ratios (48 and 62) compared to S 1 66C (4) and WT, but 
these two CMMs are very poor esterases. Interestingly, for chiral modifications at S 1 66C, 
the (5)-ligand consistently gives a CMM with a higher esterase to amidase ratio than the (/?)- 

1 5 ligand, except in the case of the If where the two diastereomeric enzymes have similar 
ratios. 

L217C 

The chiral modifications at L217C produced many CMMs that could be used 
as peptide ligation catalysts due to their high esterase / amidase ratio (Fig. 7B). L217C-(S)-d 

20 has a very high esterase k cat I K M (9296 mM" 1 s 1 ) and a low amidase value (1 04 mM 1 s 1 ) 
giving it a relatively high esterase / amidase ratio of 89. L2 1 7C-(* H has a similar ratio of 
88 and a good esterase k ca , I K M (6435 mM 1 s" 1 ). While it is true that the L217C has the 
highest ratio in the group (109), this is mitigated by its lower esterase k cat I K M (5540 mM' 1 s' 
'). Therefore, these CMMs should catalyze very efficiently the formation of peptide bonds 

25 from an ester acyl donor and amine nucleophile. No large differences were observed 
between diastereomeric CMMs. 

S156C 

Modification of S156C by la, lb and le revealed no enzymes with either 
high activity or large difference between diastereomers. This is not surprising, because the 
30 S 1 56C side chain is surface exposed, so it is probable that the ligand modifier points out of 
the pocket or is not closely associated with the pocket. For this reason, the kinds of subtle 
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variations expected due to spatial orientation were not found at S156C. As a result, no 
further modifications were made of this mutant. 

Conclusion 

It has been found that the modification of cysteine mutants of SBL with 
5 enantiomerically pure MTS ligands effects considerable changes in enzyme activity. 

Amidase and esterase kinetic assays using a low substrate approximation, found up to 3 fold 
differences in activity between diastereomeric enzymes. N62C-(/?)-e was particularly 
remarkable. Its amidase k cal I K M was 1 .56 fold better than its diastereomer, N62C-(S)-e, and 
3 fold better than WT. Also, the esterase k cat I K M of N62C-(/?)-e was 2.6 fold better than its 
10 diastereomer and 5.4 fold better than WT. Changing the length of the carbon chain linking 
the phenyl or benzyl oxazolidinone ligand to N62C by a methylene unit reverses which 
diastereomeric enzyme is more active. In a similar fashion, changing from a phenyl to 
benzyl oxazolidinone ligand at S166C reverses which diastereomeric enzyme is more active. 
Work is in progress investigating the peptide ligation and transesterification capabilities of 
1 5 the CMMs discussed in this paper. In addition, the attachment of enantiomerically pure 
ligands containing charged groups to SBL mutants is being pursued. 

Experimental 

TheN62C, L217C, S166C, and S156C mutants of subtilisin Bacillus lentus 
were prepared and purified by the general method (Stabile et al. (1996) Bioorg. Med. Chem. 

20 Lett. 6: 2501-2506). Spectrophotometric measurements were made on a Perkin-Elmer 
Lamda 2 spectrophotometer. 

Melting Points were determined using an Electrothermal IA9000 series 
Digital Melting Point Apparatus, and are uncorrected. Optical Rotation data were obtained 
using a Perkin Elmer 243B polarimeter. Compounds were identified by their 'H (200 MHz) 

25 and 13 C (50.3 MHz) NMR spectra, run using a Varian Gemini NMR spectrometer, and 
HRMS data were acquired using a Micromass 70-250S (double focussing) mass 
spectrometer for EI spectra and a Micromass ZAB-SE for FAB spectra. Enantiomeric 
excesses of methanethiosulfonates ((J?)-la, (5)-la, (i?)-lb and (S)-lb) were determined by 
HPLC on a Chiralcel OJ column using a hexane : isopropanol eluent system. Enantiomeric 

30 excesses (ee) of bromides ((i?)-18, (S)-18, (*)-19, (S)-19, (i?)-20, (S)-20, (*)-21, (S)-21, (*)- 
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22, (S)-22, (*)-25 and (5)-25) were determined by HPLC on a Chiralcel OD column using 
the same eluent system. 

Preparation of Methanethiosul fonate Reagents 

(l?V2-methoxv-2-Dhenvl-ethvlmethanet hinsulfonateai?Vla) 

(*)-mandelic acid (4.678 g, 30.75 mmol) was dissolved in 6M NaOH (50 mL, 
300 mmol) and dimethyl sulfate (14.6 mL, 1 54 mmol) was added over 1 hr so that the 
temperature stayed at 50°C. After another hr of stirring, H 2 0 (50 mL) was added, and the 
solution was acidified to pH 1 with 12M HC1. The mixture was saturated with NaCl, 
extracted with EtOAc (3 x 100 mL), and the extracts dried with Na 2 S0 4 . After filtration and 
evaporation under reduced pressure, the solid was pulverized, refluxed in hexanes (100 mL) 
for 15 min and hot filtered. The insoluble (*)-mandelic acid (2.71 g, 58%) was recovered, 
and the hexanes evaporated under reduced pressure to give (*)-2-methoxy-mandelic acid, 
(R)-3 (1 .91 g, 37%) which was used directly in the next step. 

(R)-3 (1 .91 g, 1 1 .46 mmol), was placed under Ar and dry THF (15 mL) was 
added. The resulting solution was cooled to 0°C and 1M BH 3 THF (17.2 mL, 17.2 mmol) 
was added over 1 min. The ice bath was removed, and the reaction was allowed to warm to 
20°C. After stirring overnight, the reaction mixture was poured into a stirred mixture of 
EtOAc (200 mL) / saturated aqueous NaHC0 3 (100 mL). The aqueous layer was saturated 
with NaCl and extracted with EtOAc (3 x 150 mL). The combined EtOAc fractions were 
dried with MgS0 4 , filtered and evaporated under reduced pressure. Flash Chromatography 
was conducted using a step gradient (25% EtOAc / 75% hexanes to 33% EtOAc / 67% 
hexanes) to give (/?)-2-methoxy-2-phen y H-ethanol, (*)-6 (1 .26 g, 72%), as a colorless oil. 
[a] 25 D = -1 14.6 (c 1.27, EtOH) [Aller et al. (1995) J. Org. Chem., 60: 4449-4460, [af „ = - 
1 17.3 (c 1 .006, EtOH)]; IR, *H NMR and 13 C NMR data were identical to the literature 
(Barrett and Rys (1995) Chem. Soc. Perkin Trans. 1: 1009-1017). 

(R)-6 (1.25 g, 8.213 mmol) and Et 3 N (2.29 mL, 16.43 mmol) were dissolved 
in CH 2 C1 2 (20 mL) under Ar and cooled to 0°C. MsCl (0.95 mL, 12.27 mmol) was added 
over 1 min, and stirred for 10 min. The ice bath was removed, and the solution was stirred 
overnight. The reaction was poured into EtOAc (200 mL) / saturated aqueous NaHCOj (100 
mL), stirred and saturated with NaCl. The aqueous layer was extracted with EtOAc (3 x 1 50 
mL) and the combined organic fractions were dried with MgS0 4 . After filtration and 
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evaporation under reduced pressure, the crude product was purified by flash chromatography 
using 50% EtOAc / 50% hexanes to give (i?)-2-methoxy-2-phenyl-l-ethylmethanesulfonate, 
(R)-S, quantitatively (1.88 g) as a colorless oil. [ot] 25 D = -97.4 (c 1.36, CHC1 3 ); ! H NMR 
(CDCI3) 8 7.30 - 7.40 (5H, m), 4.47 - 4.52 (1H, m), 4.20 - 4.36 (2H, m), 3.30 (3H, s), 2.99 

5 (3H, s); ,3 C NMR (CDC1 3 ) 8 136.6, 128.8, 126.9, 81.5, 72.7, 57.0, 37.6. 

(R)-S (1 .88 g, 8. 160 mmol) and LiBr (3.54 g, 40.76 mmol) were refluxed in 
freshly distilled acetone (20 mL) for 20 hr under a CaCl 2 drying tube. After cooling and 
evaporation to dryness under reduced pressure, hexanes (30 mL) were added and the mixture 
filtered. The filtrate was evaporated under reduced pressure, and flash chromatography of 

1 0 the crude product was done using a step gradient (hexanes to 5% EtOAc / 95% hexanes) to 
give (/?)-2-methoxy-2-phenyl-l -ethyl bromide, (fl)-10, (1.284 g, 73%), as a colorless oil. 
[a ]25 D = _ 71 6 (c 126, MeOH) [Casey et al. (1969) Am. Chem. Soc, 91: 2789-2790 for the 
(S) enantiomer [a] 25 D = +73 (MeOH)]; 'H NMR (CDCI3) 5 7.31 - 7.40 (5H, m), 4.36 - 4.42 
(1H, m), 3.45 - 3.60 (2H, m), 3.32 (3H, s); 13 C NMR (CDCI3) 8 139.0, 128.6, 128.5, 126.7, 

15 83.4, 57.2, 36.2; HRMS (EI) m/z: calcd for QHnOBr, 213.9993; found, 213.9988. 

(R)-10 (1.28 g, 5.951 mmol) and sodium methanethiosulfonate (1.04g, 7.752 
mmol) were dissolved in dry DMF (10 mL) under Ar and heated to 70°C. After stirring for 
24 hr, the DMF was evaporated under reduced pressure. The crude product was dissolved in 
EtOAc, filtered, and the filtrate was evaporated under reduced pressure, flash 

20 chromatography using a step gradient (5% EtOAc / 95% hexanes to 33% EtOAc / 67% 

hexanes) gave the tile compound, (R)-U (1.235 g, 84%, ee > 98%), as a colorless oil. [cx] 25 D 
= -90.4 (c 0.94, CHCI3); 'H NMR (CDCI3) 8 7.31 - 7.39 (5H, m), 4.42 - 4.48 (1H, m), 3.41 - 
3.46 (2H, m), 3.27 (3H, s), 3.24 (3H, s); 13 C NMR (CDCI3) 8 139.0, 128.7, 128.5, 126.6, 
82.3, 56.9, 50.3, 43.4; HRMS (FAB+) m/z: calcd for C,oH 14 03S2 + H, 247.0463; found, 

25 247.0470. 

(5V2-methoxv-2-phenvl-ethylmethanethiosulfonate((5>-la) 

(5)-3 was prepared in the same manner as the (R)-3. From (S)-mandelic acid 
(4.00 g, 26.29 mmol) was obtained (5)-l (1.301 g, 30%). 

(S)-6 was prepared in the same manner as the (R)-6. From (5)-3 (1.20 g, 
30 7.221 mmol) was obtained (5)-6 (0.903 g, 82%). Its IR, 'H NMR and l3 C NMR data were 
identical to (R)-6. [a] 25 D = +1 15.0 (c 1.26, EtOH). 
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(5)-8 was prepared in the same manner as the (/?)-8. From (S)-6 (0.883 g, 
5.802 mmol) was obtained (S)-S (1.33 g, 100%). Its 'H NMR and 13 C NMR data were 
identical to (R)-S. [a] 25 D = +95.0 (c 1.70, CHC1 3 ). 

(5)-10 was prepared in the same manner as (R)-10. From (S)-8 (1.33 g, 5.773 
5 mmol) was obtained (S)-10 (1 .02 g, 81%). Its 'H NMR and 13 C NMR data were identical to 
(J?)-10. [a] 25 D = +72.4 (c 1.15, MeOH). 

(S)-la was prepared in the same manner as (£)-la. From (5)-10 (1 .00 g, 
4.649 mmol) was obtained (S)-la (0.961 g, 84%, ee > 98%), Its 'H NMR and ,3 C NMR data 
were identical to (tf)-la. [a] 25 D = +93.8 (c 1 .002, CHCI3); HRMS (FAB+) m/z: calcd for 
10 CoHnCbSz + H, 247.0463; found, 247.0474. 

( K)-2-hvdroxv-2-phenvl-ethvlmethaneth iosulfonate (IR)-lb) 

(tf)-Mandelic acid (2.568 g, 16.87 mmol) and 2,2-dimethoxypropane (5.1 mL, 
41.48 mmol) were dissolved in MeOH (100 mL) and 12M HC1 (100 mL) was added. The 
resulting solution was stirred for 20 hr under a CaCl 2 tube and evaporated to dryness under 

1 5 reduced pressure. EtOAc (1 00 mL) and saturated aqueous NaHC0 3 (1 00 mL) were added, 
and the aqueous phase was extracted with EtOAc (3 x 100 mL). The organic fractions were 
dried with MgS0 4 , and evaporated under reduced pressure to give (i?)-methyl mandelate, 
(R)-4, quantitatively (2.78 g) as a white solid which was of sufficient purity for the next step. 

(R)-4 (1 .695 g, 10.20 mmol) and Hunig's base (6.22 mL, 35.70 mmol) were 

20 dissolved in dry CH 2 C1 2 (25 mL) at 0°C under Ar. MOM-C1 (2.32 mL, 30.55 mmol) was 
dripped into the solution over 1 min, and the reaction was stirred at 20°C for 16 hr. The 
solution was poured into a mixture of EtOAc (200 mL) / ice / 3M HC1 (100 mL) and stirred 
for 5 min. The aqueous layer was extracted with EtOAc (3 x 150 mL), and the combined 
organic fractions were dried with MgS0 4 . Flash Chromatography was performed using a 

25 step gradient (1 0% EtOAc / 90% hexanes to 25% EtOAc / 75% hexanes) to give (*)-2- 
methyloxymethoxy methyl mandelate, (R)-5 (1.935 g, 90%), as a colorless oil. [a] 25 D = - 
133.5 (c 1.41, CHCI3); [Barrett and Rys (1995) Chem. Soc. Perkin Trans. 1: 1009-1017, for 
the (S) enantiomer [ct] 2S D = +5.9 (c 1.11, CHCI3); IR, 'H NMR and ,3 C NMR data were 
identical to the literature (Barrett and Rys, Chem. (1995) Soc. Perkin Trans. 1:, 1009-1017). 

30 (Rys (l .924 g, 9.152 mmol) was dissolved in dry THF (50 mL) at 0°C under 

Ar, and LiBIt, (0.498 g, 22.87 mmol) was added. The reaction was stirred for 16 hr at 20°C, 
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and then poured into a stirred mixture of EtOAc (200 mL) / saturated aqueous NaHC0 3 (150 
mL). After the reaction had subsided, the aqueous layer was extracted with EtOAc (3 x 200 
mL), and the combined organic fractions were dried with MgS0 4 . The crude product was 
purified by flash chromatography using a step gradient (25% EtOAc / 75% hexanes to 33% 
5 EtOAc / 67% hexanes) to give (/?)-2-methyloxymethoxy-2-phenyl-l -ethanol, (#)-7 (1 .63 g, 
98%), as a colorless oil. [<x] 25 D = -189.9 (c 1.72, CHCI3); [1 Ko and Eliel (1986) J. Org. 
Chem., 51: 5353-5362 for the (S) enantiomer [a] 20 D = +196 (c 2.67, CHCI3)]; IR, 'H NMR 
and 13 C NMR data were identical to the literature (Ko and Eliel (1986)7. Org. Chem., 51, 
5353-5362). 

1 0 (#)-2-methyloxymethoxy-2-phenyl- 1 -ethylmethanesulfonate, (R)-9, was 

prepared in the same manner as (R)-S. (R)-l (1.530g, 8.396 mmol) was converted 
quantitatively to (R)-9 (2.175 g). [a] 25 D = -141.6 (c 1.10, CHCI3); 'H NMR (CDCI3) 8 7.35 
(5H, s), 4.89 - 4.95 (1H, m), 4.56 - 4.65 (2H, AB q), 4.25 - 4.40 (2H, m), 3.36 (3H, s), 2.95 
(3H, s); 13 C NMR (CDC1 3 ) 8 136.6, 128.7, 127.1, 94.4, 75.5, 72.3, 55.6, 37.4. 

1 5 (/?)-2-methyloxymethoxy-2-phenyl-l-ethyl bromide, was prepared in 

the same manner as (R)-10. (R)-9 (2.035 g, 7.817 mmol) was converted to (R)-U (1.536 g, 
80%). [a] 25 D = -130.9 (c 1.29, MeOH); *H NMR (CDCI3) S 7.35 (5H, s), 4.82 - 4.88 (1H, m), 
4.57 - 4.66 (2H, AB q), 3.49 - 3.65 (2H, m), 3.43 (3H, s); 13 C NMR (CDCI3) 8 139.0, 128.6, 
128.5, 126.9, 94.5, 77.7, 55.8, 36.2; HRMS (EI) m/z: calcd for C, 0 H 1 3O 2 Br, 244.0099; found, 

20 244.0091. 

(J?)-2-methyloxymethoxy-2-phenyl-l-ethylmethanethiosulfonate, (R)-12, was 
prepared in the same manner as (R)-la. (R)-10 (1.458 g, 5.948 mmol) was converted to (R)- 
12 (1.005 g, 61%). [a] 25 D = -149.6 (c 2.23, CHCI3); 'HNMR^DClj) 8 7.36 (5H, s), 4.88 - 
4.94 (1H, m), 4.56 (2H, s), 3.48 - 3.51 (2H, m), 3.40 (3H, s), 3.23 (3H, s); 13 C NMR (CDCI3) 

25 8 139.0, 128.7, 128.6, 126.9, 94.3, 76.3, 55.9, 50.5, 43.4; HRMS (FAB+) m/z: calcd for 
C11H16O4S2 + H, 277.0569; found, 277.0600. 

(R)-\2 (0.864 g, 3.126 mmol) was suspended in H 2 0 (10 mL) and 
trifluoroacetic acid (10 mL) was added at 0°C. The solution was stirred at 20°C for 40 hr, 
and the volatiles were evaporated under reduced pressure to near dryness. H 2 0 (20 mL) was 

30 added, and the suspension was evaporated to dryness. Finally, toluene (50 mL) was added, 
and the solution was evaporated to dryness. The crude product was purified by flash 
chromatography using a step gradient (25% EtOAc / 75% hexanes to 33% EtOAc / 67% 
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hexanes) to give the title compound, (tf)-lb (0.689 g, 95%, ee > 98%), as white crystals. An 
analytical sample was recrystallized from ether / hexanes. mp 48.5-49.5°C; [a] D = -63. 1 (c 
0.89, CHCb); IR (neat) 3470 cm 1 ; 'H NMR (CDCI3) 8 7.38 (5H, s), 5.00 - 5.06 (1H, m), 
3.44 - 3.49 (2H, m), 3.26 (3H, s), 2.60 (1H, br s); U C NMR (CDCI3) 8 141.5, 128.7, 128.5, 
5 125.9, 73.0, 50.5, 44.8; HRMS (FAB+) m/z: calcd for C 9 H,20 3 S2 + H, 233.0307; found, 
233.0326. 

^-2-hvdroxv-2-Dhenvl-ethvlmethanethiosulfonate ((.yi-lb) 

(5)-4 was prepared in the same manner as (R)-4. From (S)-mandelic acid 
(3.176 g, 20.87 mmol) was obtained crude (5)-4 (3.45 g, quantitative) which was used 

1 0 directly in the next step. 

(S)-5 was prepared in the same manner as (R)-5. From (5)-4 (3.45 g, 20.76 
mmol) was obtained (5)-5 (3.014 g, 69%). Its *H NMR and 13 C NMR data were identical to 
(R)-5. [afo = +131.6 (c 1.74, CHCI3). 

(S)-7, was prepared in the same manner as (R)-7. From (S)-5 (2.995 g, 14.25 
1 5 mmol) was obtained (S)-7 (2.565 g, 99%) Its 'H NMR and 13 C NMR data were identical to 
(R)-l. [a] 25 D = +193.2 (c 1.30, CHCI3). 

(S)-9 was prepared in the same manner as (R)-9. From (S)-7 (2.467 g, 13.54 
mmol) was obtained (S)-9 (3.486 g, 99%). Its l H NMR and 13 C NMR data were identical to 
(R)-9. [af D = +135.5 (c 1.40, CHCI3). 
20 (S)-ll, was prepared in the same manner as (/Q-ll. From (S)-9 (3.486 g, 

13.39 mmol) was obtained (S)-U (2.822 g, 86%). Its 'H NMR and 13 C NMR data were 
identical to {R)-ll. [a] 25 D = +125.8 (c 1.21, MeOH). 

(S)-12 was prepared in the same manner as (R)-12. From (S)-ll (0.863 g, 
3.521 mmol) was obtained (5)-12 (0.541 g, 56%). Its 'H NMR and 13 C NMR data were 
25 identical to (*)-12. [<x] 25 D = +153.4 (c 2.43, CHCI3). 

The title compound, (5)-lb, was prepared in the same manner as (^)-lb. 
From (S)-12 (0.526 g, 1.903 mmol) was obtained (5)-lb (0.419 g, 95%, ee > 98%), as white 
crystals which were recrystallized from ether / hexanes. Its 'H NMR and 13 C NMR data were 
identical to (tf)-lb. mp 47.0-48.0°C; [a] 25 D = +63.3 (c 1.676, CHCI3); HRMS (FAB+) m/z: 
30 calcd for C9H12O3S2 + H, 233 .0307; found, 
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Ar-f3'-methanethiosulfonatoDroDvlV7 -»^y"»dinone (lc) 

To a cooled solution (15-20°C) of 1,3-dibromopropane (6.4 mL, 63.05 mmol) 
in dry DMSO (5 mL) was added ground KOH (0.920 g, 16.40 mmol). 2-Oxazolidinone 
(1.100 g, 12.63 mmol) was added in small amounts over 5 min, and the reaction was stirred 
5 for 4 hr at 20°C. The mixture was diluted with ether (1 00 mL) and H 2 0 (20 mL), and the 
aqueous phase was extracted with ether (3 x 50 mL). After drying with MgS0 4 , the crude 
product was purified by flash chromatography using a step gradient (25% EtOAc / 75% 
hexanes to 50% EtOAc / 50% hexanes) to give AH3'-bromopropyl)-2-oxazolidinone, 17 
(1.48 g, 56%). IR (neat) 1747 cm 1 ; ] H NMR (CDCI3) 5 4.30 (2H, t, J = 7.2 Hz), 3.57 (2H, t, 
10 J = 8.2 Hz), 3.33 - 3.43 (4H, q), 2.03 - 2.17 (2H, m); ,3 C NMR (CDCI3) 8 158.4, 61.7, 45.0, 
43.0, 30.4, 29.9; HRMS (FAB+) m/z: calcd for C 6 H 10 NO2Br, 207.9972; found, 207.9957. 

The title compound, lc, was prepared in the same manner as (Ti)-la. 17 
(1.316 g, 6.325 mmol) was converted to lc (1.013 g, 67%). It was recrystallized from 
EtOAc / ether, mp 36-37.5°C; IR (neat) 1748 cm' 1 ; 'H NMR (CDCI3) 8 4.32 (2H, t, J = 7.4 
15 Hz), 3.56 (2H, t, J = 8.4 Hz), 3.35 (2H, t, J = 6.7 Hz), 3.31 (3H, s), 3.14 (2H, t, J = 7.0 Hz), 
1.96 - 2.10 (2H, m); ,3 C NMR (CDCI3) 5 158.5, 61.7, 50.4, 44.6, 42.9, 33.2, 27.6; HRMS 
(FAB+) m/z: calcd for C7HBNO4S2 + H, 240.0364; found, 240.0365. 

Ar-G'-methanethiosulfonatoDroDvlH g ^- 4 - isopropv1 ' 2 ' 
oxazolidinone ((R)-l d) 

20 ^.(S'-bromopropyO-^^-isopropyl^-oxazolidinone, (*)-18, was prepared in 

the same manner as 17. From (/?)-4-isopropyl-2-oxazolidinone (0.518 g, 4.01 1 mmol) was 
obtained (R)-1S (0.626 g, 62%, ee > 98%), as a colorless oil. [a] 25 D = -2.7 (c 1.87, CHCI3); 
IR (neat) 1748 cm" 1 ; *H NMR (CDCI3) 5 4.20 (1H, t, J = 8.8 Hz), 4.04 (1H, dd, J = 9.0, 5.3), 
3.69 - 3.77 (1H, m), 3.47 - 3.58 (1H, m), 3.40 (2H, t, J = 6.5 Hz), 3.06 - 3.20 (1H, m), 2.25 - 
25 1.99 (3H, m), 0.86 (6H, t, J = 7.4 Hz); ,3 C NMR (CDCI3) 8 158.3, 62.7, 59.6, 40.6, 30.2, 
27.7, 17.5, 14.2; HRMS (FAB+) m/z: calcd for C 9 H 16 N0 2 Br, 250.0441; found, 250.0419. 

The title compound, (R)-ld was prepared in the same manner as (i?)-la. (R)- 
18 (0.530 g, 2.1 19 mmol) was converted to (*)-ld (0.492 g, 83%). [a] 25 D = -22.3 (c 1.37, 
CHCI3); IR (neat) 1744 cm" 1 ; 'H NMR (CDCI3) 8 4.25 (1H, t, J = 9.0 Hz), 4.07 (1H, dd, J = 
30 9.0, 5.4 Hz), 3.73 - 3.81 (1H, m), 3.50 - 3.65 (1H, m), 3.33 (3H, s), 3.07 - 3.21 (3H, m), 1.98 
- 2 13 (3H m), 0.90 (3H, d, J = 7.0 Hz), 0.86 (3H, d, J = 6.8 Hz); ,3 C NMR (CDCI3) 8 158.6, 
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62.9, 59.2, 50.5, 40.5, 33.5, 27.9, 27.6, 17.6, 14.2; HRMS (FAB+) m/z: calcd for 
C 10 H 19 NO4S2 + H, 282. 0834; found, 282.0842. 

W-ft'-methanethiosulfonatopropvlW ^-isopropyl-l- 
oxazolidinone ((5Vld) 

5 (5)-18 was prepared in the same manner as (R)-1S. From (5)-4-isopropyl-2- 

oxazolidinone (0.504 g, 3.902 mmol) was obtained (S)-18 (0.558 g, 57%, ee > 98%)). Its 'H 
NMR and 13 C NMR data were identical to (R)-1S. [cc] 25 D = +3.4 (c 3.42, CHC1 3 ). 

The title compound, (5)-ld, was prepared in the same manner as (R)-ld. 
From (S)-18 (0.493 g, 1.971 mmol) was obtained (S)-ld (0.435 g, 78%). Its ] H NMR and 

10 13 C NMR data were identical to (R)-ld. [a] 25 D = +23 .2 (2.27, CHCh); HRMS (EI) m/z: calcd 
for C,oH l9 N04S 2 + H, 282. 0834; found, 282.0833. 

^-(S'-methanethiosulfonatopropyn-^M-phenvl-Z-oxa zolidinone 
ffi?Vle) 

Af-(3'-bromopropyl)-(/?)-4-phenyl-2-oxazolidinone, (R)-19, was prepared in 
15 the same manner as 17. From (/{)-4-phenyl-2-oxazolidinone (0.322 g, 1 .970 mmol) was 
obtained (R)-19 (0.370 g, 66%, ee > 98%), as a colorless oil. [oc] 25 D = -35.8 (c 3.10, CHC1 3 ); 
IR (neat) 1748 cm' 1 ; *H NMR (CDC1 3 ) 8 7.26 - 7.45 (5H, m), 4.79 (1H, dd, J = 8.8, 6.3 Hz), 
4.63 (1H, dd, J = 8.6, 8.6 Hz), 4.15 (1H, dd, J = 8.6, 6.4 Hz), 3.30 -3.54 (3H, m), 2.89 - 3.03 
(lH,m), 1.90- 2.12 (2H,m); 13 C NMR (CDCI3) 5 158.2, 137.7, 129.3, 129.2, 126.9, 69.8, 
20 60.3, 41.1, 30.2, 29.9; HRMS (EI) m/z: calcd for C,2Hi4N0 2 Br, 283.0208; found, 283.0197. 

The title compound, {R)-le, was prepared in the same manner as (R)-la. (R)- 
19 (0.346 g, 1.218 mmol) was converted to (R)-le (0.344 g, 89%). [oc] 25 D = -70.5 (c 0.84, 
CHCI3); IR (neat) 1746 cm" 1 ; 'H NMR (CDC1 3 ) 8 7.26 - 7.43 (5H, m), 4.81 (1H, dd, J = 8.8, 
6.6 Hz), 4.65 (1H, dd, J = 8.6, 8.6 Hz), 4.16 (1H, dd, J = 8.6, 6.6 Hz), 3.40 -3.55 (1H, m), 
25 3.29 (3H, s), 2.90 - 3.15 (3H, m), 1.82 - 1.97 (2H, m); 13 C NMR (CDC1 3 ) 8 158.4, 137.5, 
129.4, 129.3, 127.1, 69.9, 60.0, 50.6, 41.0, 33.4, 27.5; HRMS (FAB+) m/z: calcd for 
C13H17NO4S2 + H, 316.0678; found, 316.0678. 
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A^-(3'-methanethiosulfonatoDropvn-(5) -4-Dhenvl-2-oxazolidmone 

(5)-19 was prepared in the same manner as (R)-19. From (S)-4-phenyl-2- 
oxazolidinone (0.964 g, 5.91 1 mmol) was obtained (S)-19 (0.955 g, 57%, ee > 98%)). Its 'H 
5 NMR and 13 C NMR data were identical to (R)-19. [a] 25 D = +33.3 (c 2.50, CHC1 3 ). 

The title compound, (S)-le, was prepared in the same manner as (#)-le. 
From (S)-19 (0.870 g, 3.062 mmol) was obtained (S)-le (0.814 g, 84%). Its 'H NMR and 
,3 C NMR data were identical to (R)-U. [<x] 25 D = +68.8 (1.21, CHCI3); HRMS (EI) m/z: calcd 
for C,3H 17 N04S2 + H, 316.0678; found, 316.0683. 

10 Ar-(3'-methanethiosulfonatoDroDvIH/?W-benzvl-2 -oxazolidiDone 

A^-(3'-bromopropyl)-(/?)-4-benzyl-2-oxazolidinone, (#)-20, was prepared in 
the same manner as 17. From (#)-4-benzyl-2-oxazolidinone (0.499 g, 2.816 mmol) was 
obtained (tf)-20 (0.454 g, 54%, ee > 98%), as a colorless oil. [a] 25 D = -14.3 (c 2.06, CHCI3); 

15 IR (neat) 1751 cm' 1 ; 'H NMR (CDCI3) 8 7.14 - 7.36 (5H, m), 3.96 - 4.21 (3H,m), 3.10 - 3.65 
(5H, m), 2.61 - 2.72 (1H, m), 2.04 - 2.27 (2H, m); 13 C NMR (CDCI3) 6 158.0, 135.2, 128.9, 
128.8, 127.1, 66.7, 56.6, 40.8, 38.5, 30.5, 30.2; HRMS (FAB+) m/z: calcd for Ci 3 Hi 6 N0 2 Br, 
298.0441; found, 298.0416. 

The title compound, (i?)-lf, was prepared in the same manner as (R)-la. (R)- 

20 20 (0.364 g, 1.221 mmol) was converted to (R)-U (0.362 g, 90%). [a] 25 D = -31.7 (c 1.33, 
CHCI3); IR (neat) 1745 cm 1 ; *H NMR (CDCI3) 5 7.14 - 7.34 (5H, m), 3.98 - 4.21 (3H, m), 
3.48-3.61 (1H, m), 3.32 (3H, s), 3.04 - 3.30 (4H, m), 2.61 - 2.73 (1H, m), 1 .98 - 2.1 1 (2H, 
m); ,3 C NMR (CDC1 3 ) 5 158.2, 135.2, 128.9, 128.8, 127.1, 66.7, 56.1, 50.4, 40.7, 38.4, 33.3, 
27.8; HRMS (FAB+) m/z: calcd for C4H19NO4S2 + H, 330.0834; found, 330.0834. 

25 jV-fS'-methanethiosulfonatopropvn-f^-benzy l^-oxazolidinone 

(5)-20 was prepared in the same manner as (tf )-20. From (5)-4-benzyl-2- 
oxazolidinone (0.504 g, 2.844 mmol) was obtained (S)-20 (0.558 g, 66%, ee > 98%)). Its ! H 
NMR and ,3 C NMR data were identical to (R)-20. [a] 25 D = +14.1 (c 2.50, CHC1 3 ). 
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The title compound, (S)-lf, was prepared in the same manner as (fl)-lf. From 
(5)-20 (0.449 g, 1.506 mmol) was obtained (5)-lf (0.458 g, 92%). Its ! H NMR and ,3 C 
NMR data were identical to (J?)-lf. [a] 2S D = +29.9 (1.19, CHClj); HRMS (EI) m/z: calcd for 
Ci4H,9N0 4 S2 + H, 330.0834; found, 330.0844. 

/V-fl'-methanethiosuIfonatoethvn-f^M-Dhenvl-l-ox azoUdinone 

A^'-bromoemylM/O^-phenyl^-oxazolidinone, (iQ-21, was prepared in the 
same manner as 17, except 10 eq of 1 ,2-dibromoethane and 3 eq of KOH were used. From 
(fl)-4-phenyl-2-oxazolidinone (0.261 g, 1.599 mmol) was obtained (i?)-21 (0.387 g, 90%, ee 
> 98%), as a colorless oil. [<x] 25 D = -54.1 (c 1.80, CHC1 3 ); ffi. (neat) 1749 cm" 1 ; 'H NMR 
(CDCI3) 5 7.26 - 7.46(5H, m), 4.98 (1H, dd, J = 8.8, 6.6 Hz), 4.67 (1H, dd, J = 8.8, 8.8 Hz), 
4.16 (1H, dd, J = 8.8, 6.6 Hz), 3.75 - 3.87 (1H, m), 3.42 - 3.53 (1H, m), 3.12 - 3.36(2H, m); 
13 C NMR (CDCI3) 6 158.0, 137.4, 129.4, 129.3, 127.0, 70.0, 60.4, 43.8, 28.6; HRMS (EI) 
m/z: calcd for Ci,H, 2 N0 2 Br, 269.0051; found, 269.0055. 

The title compound, (i?)-lg, was prepared in the same manner as (R)-la. (R)- 
21 (0.392 g, 1.462 mmol) was converted to (R)-lg (0.320 g, 73%). [cc] 25 D = -28.8 (c 1.32, 
CHCI3); IR (neat) 1749 cm" 1 ; 'H NMR (CDCI3) 5 7.29 - 7.43 (5H, m), 4.88 (1H, dd, J = 8.9, 
6.6 Hz), 4.67 (1H, dd, J = 8.8, 8.8 Hz), 4.18 (1H, dd, J = 8.8, 6.5 Hz), 3.59 -3.76 (1H, m), 
3.28 (3H, s), 3.10 - 3.26 (3H, m); 13 C NMR (CDCI3) 5 158.1, 137.3, 129.4, 129.3, 127.1, 
69.9, 60.3, 50.7, 41.8, 33.6; HRMS (EI) m/z: calcd for CnH^NCUSz + H, 302.0521; found, 
302.0529. 

Ar-a'-methanethiosulfonatoetlivn-f5^-4-phenv l-2-oxazolidinone 
((■SHfi) 

(S)-21, was prepared in the same manner as (R)-21. From (5)-4-phenyl-2- 
oxazolidinone (0.381 g, 2.335 mmol) was obtained (S)-21 (0.564 g, 89%, ee > 98%)). Its ! H 
NMR and 13 C NMR data were identical to (R)-21. [a] 25 D = +54.6 (c 1.85, CHCI3). 

The title compound, (5)-lg, was prepared in the same manner as (fl)-lg. 
From (5)-21 (0.532 g, 1.969 mmol) was obtained (S)-lg (0.450 g, 76%). Its *H NMR and 
13 C NMR data were identical to (*)-lg. [a] 25 D = +27.8 (1 .30, CHCI3); HRMS (EI) m/z: calcd 
for C,2H,5N0 4 S2 + H, 302.0521; found, 302.0534. 
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^-f2'-methanetbiosulfonatoetb vn-r^-4-benzYl-2-oxazoIidinone 

iV-(3'-bromoethyl)-(/?)-4-benzyl-2-oxazolidinone, (R)-22, was prepared in the 
same manner as 17, except 10 eq of 1,2-dibromoethane and 3 eq of KOH were used. From 

5 (/?)-4-benzyl-2-oxazolidinone (0.386 g, 2.178 mmol) was obtained (R)-22 (0.372 g, 60%, ee 
> 98%), as a colorless oil. [a] 25 D = -16.7 (c 1 .35, CHCI3); IR (neat) 1 748 cm' 1 ; 'H NMR 
(CDCI3) 8 7.12 - 7.40(5H, m), 3.81 - 4.30 (4H, m), 3.38 - 3.63 (3H, m), 3.1 1 - 3.20(1H, m), 
2.66 - 2.76 (1H, m); 13 C NMR (CDCI3) 5 157.8, 135.2, 129.0, 127.3, 67.1, 56.9, 44.1, 38.7, 
29.1; HRMS (EI) m/z: calcd for Ci 2 H 14 N0 2 Br, 284.0286; found, 284.0281. 

10 The title compound, (R)-lh, was prepared in the same manner as (R)-la. (R)- 

22 (0.334 g, 1.175 mmol) was converted to (R)-lh (0.363 g, 98%). [a] 25 D = + 4.5 (c 1.10, 
CHCI3); IR (neat) 1748 cm 1 ; >H NMR (CDC1 3 ) 5 7.15 - 7.39(5H, m), 4.02 - 4.29(3H, m), 
3.72 - 3.89(1H, m), 3.14 - 3.58(4H, m), 3.38 (3H, s), 2.65 - 2.75 (1H, m); 13 C NMR (CDCI3) 
5 158.1, 135.2, 129.0, 127.3,67.2, 57.0, 50.7, 42.0, 38.7, 33.9; HRMS (EI) m/z: calcd for 

15 C,3H, 7 N0 4 S2 + H, 316.0677; found, 316.0683. 

Af-a'-methanethiosulfonatoethvn-^^ -benzvI-Z-oxazoMdinone 

(5)-22 was prepared in the same manner as (R)-22. From (5)-4-benzyl-2- 
oxazolidinone (0.371 g, 2.094 mmol) was obtained (5)-22 (0.375 g, 63%, ee > 98%)). Its 'H 
20 NMR and 13 C NMR data were identical to {R)-22. [oc] 25 D = +1 5.6 (c 1 .55, CHCI3). 

The title compound, (5)-lh, was prepared in the same manner as (rt)-lh. 
From (5)-22 (0.328 g, 1.154 mmol) was obtained (5)-lh (0.245 g, 67%). Its 'H NMR and 
,3 C NMR data were identical to (tf)-lh. [a] 25 D = - 5.8 (c 1.20, CHCI3); HRMS (EI) m/z: 
calcd for CuHnNC^ + H, 316.0677; found, 316.0664. 

25 yv-r3'-methanethiosulfonatoDropvn- ^aff-ct.^-3.3a.8.8a- 

tt»trahYdro-2fMndenofl.2-</l-ox azol-2-one f(i?Vli) 

(IR, 2,S)-c/5-l-amino-2-indanol (0.980 g, 6.569 mmol) was placed in a round- 
bottomed flask and a dry Ar atmosphere was established. Dry CH 2 C1 2 (50 mL) and Et 3 N (1 .9 
mL, 13.63 mmol) were added, and the resulting solution was cooled to -60°C. On addition 
30 of triphosgene (0.64 g, 2.1 57 mmol), the cooling bath was removed, and the reaction was 
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allowed to warm to 20°C over one hour. The reaction was then poured into CH 2 C1 2 (100 
mL) and H 2 0 (50 mL) and the aqueous phase was extracted with CH 2 C1 2 (3 x 100 mL). After 
drying with MgS0 4 , the organic layer was evaporated under reduced pressure to give (3a/?- 
ci5)-3,3a,8,8a-tetrahydro-2/f-indeno[l,2-(i]-oxazol-2-one, (R)-24 (1.15 g, quantitative) as 

5 white crystals, which was of sufficient purity for the next step in the reaction sequence. An 
analytical sample was recrystallized from CH 2 C1 2 / hexanes. mp 205.5 - 206.5°C; [Ghosh et 
al. (1992) J. Chem. Soc. Chem. Commun. 1673-1674 for enantiomermp 205°C]; [a] 25 D = 
+107.7 (c 1.25, CHCh); [Id. for enantiomer [oc] 25 D = -79.4 (c 1.4, CHCI3)]. IR (KBr) 3255, 
1752, 1707 cm" 1 ; ! H NMR (acetone-d6) 8 7.24 - 7.43(4H, m), 5.39 (1H, t, J = 7.5 Hz), 5.21 

10 (1H, d, J = 7.0 Hz), 3.42 (1H, dd, J = 17.7, 6.2 Hz), 3.20 (1H, d, J = 17.9 Hz), 2.90 (1H, br 
s); 13 CNMR(acetone-d6)8 159.1, 142.5, 141.0, 129.7, 128.3, 126.2, 125.8, 80.8, 61.7, 39.3; 
HRMS (FAB+) m/z: calcd for Ci 0 H 9 NO 2 + H, 176.0771; found, 176.0681. 

Ar-(3'-bromopropyl)-(3ai?-cis)-3,3a,8,8a-tetrahydro-2//-indeno[l,2-f/]-oxazol- 

2-one, (R)-25, was prepared in the same manner as 17. From (i?)-24 (1 .007 g, 5.748 mmol) 
15 was obtained ( J R)-25 (1.1 1 g, 65%, ee> 98%), as a colorless oil. [a] 25 D = +31.3 (c 1.61, 

CHCI3); IR (neat) 1748 cm 1 ; 'H NMR (CDC1 3 ) 5 7.24 - 7.45(4H, m), 5.31 (1H, dt, J = 7.4, 
3.1 Hz), 5.14 (1H, d, J = 7.7 Hz), 3.23 - 3.70(6H, m), 2.12 - 2.34(2H, m); 13 C NMR (CDCI3) 
5 157.1, 140.5, 138.0, 129.8, 127.4, 125.8, 125.1, 77.1, 64.1, 41.0, 39.3, 30.4, 30.1; HRMS 
(FAB+) m/z: calcd for Ci 3 H 14 N0 2 Br, 296.0285; found, 296.0254. 
20 The title compound, (R)-U, was prepared in the same manner as (R)-la. (R)- 

25 (0.925 g, 3.123 mmol) was converted to (fl)-li (0.882 g, 86%). It was recrystallized from 
EtOAc / hexanes. mp 94.0 - 95.0 °C; [cc] 25 D = +17.7 (c 1.28, CHCI3); IR (KBr) 1729 cm 1 ; 
'H NMR (CDCI3) 5 7.26 - 7.38(4H, m), 5.32 (1H, dt, J = 7.4, 3.0 Hz), 5.14 (1H, d, J = 7.6 
Hz), 3.36 - 3.69(4H, m), 3.32 (3H, s), 3.14 - 3.22(2H, m), 2.10 - 2.23 (2H, m); 13 C NMR 
25 (CDC1 3 ) 5 157.2, 140.6, 137.9, 129.7, 127.4, 125.8, 125.0, 77.2, 63.7, 50.4, 40.9, 39.2, 33.4, 
27.5; HRMS (FAB+) m/z: calcd for Ci 4 H 17 N0 4 S 2 + H, 328.0677; found, 328.0683. 

jV-f3'-methanethiosulfonatoproDvn-f3aS'-ci^-3.3a,8,8a -tetrahvdro- 
2ff-indenoI1.2-</l-oxazol-2-onea5)-li) 
(5)-24 was prepared in the same manner as (R)-24. From (15, 2R)-cis-\- 
30 amino-2-indanol (1 .09 g, 7.306 mmol) was obtained (5)-24 (1 .27 g, quantitative). Its 'H 
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NMR and ,3 C NMR data were identical to (R)-24. mp 205.0 - 207.0 °C; [a] 25 D = -109.7 (c 
1.30,CHC1 3 ). 

(S)-25 was prepared in the same manner as (R)-25. From (S)-24 (1 .023 g, 
5.839 mmol) was obtained (S)-25 (0.940 g, 54%, ee > 98%). Its ! H NMR and 13 C NMR data 
5 were identical to (R)-25. [a] 25 D = -30.5 (c 1 .82, CHC1 3 ). 

The title compound, was prepared in the same manner as (R)-li. From 
(S)-25 (0.840 g, 2.836 mmol) was obtained (S)-li (0.838 g, 90%). It was recrystallized from 
EtOAc / hexanes. Its 'H NMR and 13 C NMR data were identical to (R)-li. mp 94.0 - 95.0 °C; 
[a] 25 D = -18.7 (c 1.38, CHC1 3 ); HRMS (EI) m/z: calcd for C,4H,7N0 4 S2 + H, 328.0677; 
10 found, 328.0694. 

Site-Specific Chemical Modification 

To 1 .25 mL of a SBL mutant stored in MES buffer (10 mM MES, 1 mM 
CaCl 2 , pH 5.8) was added 0.75 mL CHES buffer (70 mM CHES, 5 mM MES, 2 mM CaCl 2 , 
pH 9.5) at 20 °C and one of the methanethiosulfonate reagents (100 nL of a 0.5 M solution 

15 in CH 3 CN) in a PEG (10,000) coated polypropylene test tube, and the mixture agitated in an 
end-over-end rotator. After 30 min, all modification reactions were negative to the Ellman's 
test indicating the absence of free thiol. In order to ensure complete reaction, a further 100 
HL of methanethiosulfonate solution was added and the reaction was continued for another 
30 min. The reaction solution was purified on a disposable desalting column (Pharmacia 

20 Biotech PD-10, Sephadex G-25 M) pre-equilibrated with MES buffer (5 mM MES, 2 mM 
CaCl 2 , pH 6.5). The CMM was eluted with MES-buffer (5.0 mL), dialyzed (MWCO 12- 
14,000) against MES buffer (lOmM MES, 1 mM CaCl 2 , pH 5.8) then flash frozen and stored 
at -20°C. Modified enzymes were analyzed by nondenaturing gradient (8-25%) gels at pH 
4.2, run towards the cathode on the Pharmacia Phast-Systema\ (Pharmacia Application File 

25 No. 300) and appeared as one single band. Each of the CMMs was analyzed in parallel with 
its parent cysteine mutant and the WT enzyme. 

Enzyme Characterization 

Prior to ES-MS analysis, CMMs were purified by FPLC (BioRad, Biologic 
System) on a Source 15 RPC matrix (17-0727-20 from Pharmacia) with 5% acetonitrile, 
30 0.01% TFA as the running buffer and eluted with 80% acetonitrile, 0.01% TFA in a one step 
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gradient. Electrospray mass spectra were recorded on a PE SCffiX API EI Biomolecular 
Mass Analyzer. 



Table 3. Electro-spray Mass Spectra of CMMs ! 



Enzyme 


Calculated Mass 


Found Mass 


w 


\b) 




(S) 


N62C-a 


26833 


ZOOJJ 


ZOO J*j 


26854 


N62C-b 


26839 




ZOO*tI 


26838 

LUO JO 


N62C-C 


zoo4o 




96RS0 




N62C-d 


**\£. OOO 

26888 


ZOOOO 


zoooy 




N62C-e 




zovzz 


96091 
ZOVZ 1 


26921 


N62C-f 


26936 




960^0 

zoyj-7 


96939 


N62C-g 


26908 


26908 


26910 


26907 


N62C-h 


26922 


26922 


26924 


26924 


N62C-i 


26934 


26934 




960^6 


S166C-a 


26880 


zoooU 


ZOooI 


96886 


S166C-b . 


26866 


ZOOOU 


96R69 


96R79 


S166C-C 


zoo Id 




96877 




S166C-d 


26915 


zo91-> 


zoy i d 


96016 


S166C-e l 


26949 


26949 


26950 


26951 


S166C-f 


26963 


26963 


26964 


26963 


S166C-g 


26935 


2693 j 


ZOyj 1 


Lxyy jt 


S166C-h 


26949 


26949 


*t(LQC 1 


96040 


S166C-i 


26961 


26961 




96Q64 


L217C-a 


26854 


26854 


26850 


26850 


L217C-b 


26840 


26840 


26842 


26840 


L217C-C 


26847 




26847 




L217C-d 


26889 


26889 


26892 


26892 


L217C-e 


26923 


26923 


26922 


26923 


L217C-f 


26937 


26937 


26938 


26940 


L217C-I 


26935 


26935 


26937 


26937 


S156C-a 


26880 


26880 


26883 


26883 


S156C-b 


26866 


26866 


26866 


26868 


S156C-e 


26949 


26949 


26949 


26949 



5 a mol. wt. ± 6 mass units in all cases 

The free thiol content of N62C, L217C, S166C, S156C and their CMMs, was 
determined spectrophotometrically by titration with Ellman's reagent (e 4 i2 = 13600 M'W 1 ) 
(Ellman et al, (1961) Biochem. Pharmacol, 7: 88-95) phosphate buffer 0.25 M, pH 8.0. 

The active enzyme concentration was determined as previously described 
10 (Hsia et al (1996) Anal Biochem. 242: 221-227) by monitoring fluoride release upon 
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enzyme reaction with a-toluenesulfonyl fluoride (Aldrich Chemical Co. Inc.) as measured by 
a fluoride ion sensitive electrode (Orion Research 96-09). The active enzyme concentration 
determined in this way was used to calculate kinetic parameters for each CMM. 

Kinetic Measurements 

5 Specificity constants determined using the low substrate approximation were 

measured at 0.05 and 0.1 mM Af-Suc-AAPF-pNA at 25°C in 0.1 M Tris containing 0.005% 
Tween 80 and 1% DMSO at pH 8.6 for amidase activity (s 4 io = 8800 M" 1 cm" 1 ), and at 0.015 
and 0.03 mM W-Suc-AAPF-SBn at 25°C in 0.1 M Tris containing 0.005% Tween 80 and 1% 
37.5 mM DTNB in DMSO at pH 8.6 for esterase activity (e 4 i2 = 13600 M" 1 cm" 1 ). A general 

1 0 run consisted of equilibrating six plastic cuvettes containing 980 nL of 0. 1 M Tris, 0.005% 
Tween 80 at pH 8.6 to 25°C. The substrate (10 ^L) in DMSO was added and the cuvette was 
shaken twice before returning it to the machine for zeroing. Immediately, the enzyme (10 
uL) in 20 mM MES, 1 mM CaCl 2 at pH 5.8 was added and the cuvette was returned to the 
machine with a eight sec delay. The initial rate data was recorded and used to calculate k cat I 

1 5 Km- Esterase data was adjusted to account for background hydrolysis of the substrate. 

Michaelis-Menten constants were measured at 25 °C by curve fitting (GraFit® 
3.03) of the initial rate data determined at eight concentrations (0.05 mM-3.0mM) of the N- 
Suc-AAPF-pNA substrate for amidase activity and eight concentrations (0.015 mM-2.0mM) 
of the N-Suc-AAPF-SBn substrate for esterase activity. 

20 Example 2 : Chemically modified mutants of subtilisin Baci llus lentus catalyze 
transesterification reactions better than wild type. 

In this example, a combined site-directed mutagenesis and chemical 
modification strategy was used to create superior enzyme catalysts for the resolution of 
racemic primary and secondary alcohols using a transesterification reaction. The chemically 
25 modified mutant N62C-S-CH 3 of subtilisin Bacillus lentus catalyzes the transesterification of 
Af-acetyl-L-phenylalanine vinyl ester with p-branched primary alcohols faster than wild type. 
The cysteine mutant, M222C of subtilisin Bacillus lentus gave higher yields (90% and 92% 
yields with 1-phenylethanol and 2-octanol respectively versus 19% and 10% for wild-type) 
and better enantioselectivity than wild-type when secondary alcohols were used. 
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Hydrolase-catalyzed transesterifications are widely employed to resolve 
racemic alcohols and to stereoselective^ acylate prochiral and meso diols (Faber (1996) 
Biotransformations in Organic Chemistry, 3rd Ed., Springer- Verlag, Heidelberg). In this 
regard, serine proteases have found limited application in comparison to lipases and esterases 

5 (Id.). One reason for this is the high substrate specificity of many serine proteases compared 
to other hydrolases (Faber supra., Sears and Wong (1996) Biotechnol. Prog., 12: 423-433). 
Recently, in an effort to extend the synthetic potential of the serine protease subtilisin 
Bacillus lentus (SBL), we reported the use of AT-Ac-L-Phe vinyl ester, 2 (Fig. 8), as an acyl 
donor SBL-catalyzed transesterification reactions with racemic alcohols (Lloyd et al (1998) 

10 Tetrahedron Asymmetry, 9: 551-561). This example illustrates the potential for improving 
the overall chemical yield and degree of stereoselectivity for these resolutions using a 
combined site directed mutagenesis and chemical modification strategy to alter the substrate 

specificity of SBL. 

Cysteine mutants of SBL and chemically modified mutants (CMMs) were 

1 5 prepared and characterized as described above and in Berglund et al (196) Bioorg. Med. 

Chem. Lett, 6: 2507-2512) and the best esterases among them were selected for comparative 
evaluation (Plettner et al (198) Bioorg. Med Chem. Lett., 8: 2291-2296). Three CMMs 
(L217C-S-(CH 2 ) 2 -S0 3 -, N62C-S-(CH 2 ) 2 -S0 3 -, N62C-S-CH 3 ) and two mutant enzymes 
(L217C and M222C) were each embedded in a KC1 matrix (Khmelnitsky et al (1994) J. Am. 

20 Chem. Soc, 1 16: 2647-2648) and used to catalyze transesterification reactions in tert-BuOH 
between the acyl donor, 2, and racemic primary and secondary alcohols, 1 Fig. 8, as 
previously described Lloyd et al (1998) Tetrahedron Asymmetry, 9: 551-561). Two primary 
alcohols (2-phenyl-l-propanol and 2-methyl-l-pentanol) and 1 secondary alcohol (2-octanol) 
were used as representative nucleophiles for the study. The results are given in Table 4. 

25 L2 1 7C ante L2 1 7C-S-(CH 2 ) 2 -S0 3 " CMM catalyzed the reaction with two primary alcohols in 
similar yields and de's to wild-type (WT), but only L217C gave as good a yield as WT using 
2-octanol as nucleophile. M222C gave lower yields for all 3 alcohols. N62C-S-(CH 2 ) 2 -S0 3 ' 
gave a higher yield of product than WT when 2-phenyl-l-propanol was the nucleophile. For 
the reaction with 2-methyl-l-penatanol, using N52-C-S-(CH 2 ) 2 -S0 3 " as catalyst gave a 

30 significant improvement in the des of the product ester (41%) over WT (26%de). Only one 
CMM catalyst, N62C-S-CH 3 , gave marked increases in product yield for the two primary 
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alcohols (97% for 2-phenyl-l -propanol and 79% for 2-methyl-l-pentanol). No changes in 
stereochemical preferences from WT were observed for any of the CMMs. 

Table 4. Yields and d.e. values of 3 from mutant and CMM-catalyzed reactions in f-BuOH at 
5 50°C. 



2-phenyl-l propanol 2-methyl-l-pentanol 2-octanol 



Enzyme 


% 


% 


Abs. 


% 


%de 


Abs. 


% 


%de 


Abs. 




yield 


de 


Conf. 


yield 




Conf. 


yield 




Conf. 


WT 1 


53 


30 


R 


58 


26 


R 


20 


>99 


S 


M222C 


20 


29 


R 


18 


21 


R 


9 


>99 


S 


L217C 


59 


22 


R 


50 


12 


R 


19 


>99 


S 


L217C-S-(CH 2 ) 2 -S0 3 " 


49 


30 


R 


29 


17 


R 


<5 




S 


N62C-S-(CH 2 ) 2 -S0 3 " 


65 


32 


R 


59 


41 


R 


8 


>99 


S 


N62C-S-CH 3 


97 


24 


R 


79 


34 


R 


16 


>99 


S 



Conditions: All reactions used 10 equiv. of alcohol, 1, and the acyl donor, 2, in f-BuOH at 
50°C for 24 hr (primary alcohols) or for 72 hours (secondary alcohols) as previously 
described (Lloyd et al (1998) Tetrahedron Asymmetry, 9: 551-561). All yields and de's 
(HPLC on Chiralcel OD using a hexane:isopropanol eluent) are of purified product, 3, which 
1 0 was identified by ! H NMR. 

The nature of the solvent and temperature have been known to influence 
enantioselectivity (Lam et al (1986) J. Org. Chem., 51-2047-2050, Holmberg and Hult 
(1991) Biotechnol Lett, 13: 323-326), and the effects of these parameters on the N62C-S- 

1 5 CH 3 catalyzed transesterifications was considered next. In this study, CH 3 CN was selected 
as the illustrative solvent since the relatively slow rates in terf-BuOH, even at 50°C, 
precluded the probing of low temperature effects. We included M22C in this part of our 
study, because it has been found that the M222A mutant of subtilisin BPN' allowed a faster 
initial reaction of sterically hindered amine nucleophiles with ester acyl donors (Sears et al 

20 (1994) J. AM. Chem. Soc. t 116: 6521-6530). The results are shown in Table 5. 



Table 5. Yields and d.e. values of 3 for reactions carried out in CH 3 CN at 4°C. 





2-phenyl-l 
propanol 


2-methyl-l- 
pentanol 


2-phenyl-l 
propanol 


2-octanol 


Enzyme 


% yield 


Abs. 


% yield 


Abs. 


% yield 


Abs. 


% yield 


Abs. 



21338163.1/23623-7043 -48- 07/20/01 04:21 PM 



# 



* 





%de 


Conf. 


%de 


Conf. 


%de 


Conf. 


%de 


Conf. 


WT 


99, 37 
(48 hr) 3 


R 


91,4 
(24 hr) 3 


R 


19,84 
(50 hr) 


S 


10, 88 
(50 hr) 


S 


M222C 


71,24 
(24 hr) 


R 


94,9 
(16 hr) 


R 


98, 93 
(44 hr) 


S 


92,95 
(44 hr) 


S 


N62C-S-CH 3 


94, 45 
(16 hr) 


R 


95, 12 
(7hr) 


R 


40, 80 
(50 hr) 


S 


50, 97 
(72 hr) 


S 



f L as aescnocu m uujru ei mi. vt-'^u; s>~- — 

de's (HPLC on Chiralcell OD using a hexane:isopropanol eluent) are of purified product, 3, 
which was identified by 1 H NMR (Id.). 

5 In CHjCN at 4°C, M222C and N62-C-S-CH 3 performed better than WT. 

Both enzymes catalyzed the transesterification of primary and secondary alcohols faster than 
WT and with de's that were comparable to WT. Remarkably, they gave much higher yield of 
product ester than WT when the sterically hindered secondary alcohols were used as 

10 nucleophiles. 

M222C gave almost quantitative yield product ester with 1-phenylethanol and 
an excellent yield (92%) of ester with 2-octanol. M222C improved the de of product ester to 
above 90% for both secondary alcohols and N62C-S-CH 3 gave product ester in 97% de for 2- 
octanol. 

1 5 From these results, both N62C-S-CH 3 and M222C were seen to be better 

transesterification catalysts than WT. The reasons for this appear to be different. N62C-S- 
CH 3 catalyzed the transesterification of primary alcohols with 2 in higher yield and in shorter 
time than M222C, but the reverse was true for secondary alcohols where M222C efficiently 
coupled 1-phenylethanol and 2-octanol with 2 in 98% and 92% yields respectively. Without 

20 being bound to a particular theory, we have proposed that WT gives lower yields with 

secondary alcohols because branching at the a-carbon of the alcohol is poorly tolerated by 
the S,' pocket (nomenclature according to Schechter and Berger (1967) Biochem. Biophys. 
Res. Commun., 27: 1570-162) of SBL. Residue 222 of SBL is at the boundary between the 
Si- and Sr-pockets, a region in close proximity to a location where the nucleophile would 

25 approach the acyl-enzyme intermediate in order to deacylate the enzyme and complete the 
catalytic cycle. Therefore, it is reasonable to expect that if methionine is replaced by the 
smaller cysteine at position 222, a larger space in this critical region would permit more 
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sterically hindered nucleophiles to react with the acyl-enzyme intermediate. This is exactly 
what was observed for M222C catalyzed reactions of secondary alcohols. In contrast, 
residue 62 of SBL is in the S 2 pocket, and therefore it is unlikely that any mutation or 
modification at this residue would significantly influence the S\ pocket. Nevertheless, 
5 N62C-S-CH 3 gave considerably higher yields than WT with secondary alcohols. Further 
more, this CMM catalyzed the transesterification of primary alcohols much faster than either 
WT or M222C. It is probable that N62C-S-CH 3 catalyzed transesterification faster than 
M222C or WT because of a higher turnover rate (Plettner et al (198) Bioorg. Med. Chem. 
Lett., 8: 2291-2296), but that in the case of secondary alcohols, the improved catalytic 

10 efficiency could not entirely overcome the negative steric hindrance factors. 

In conclusion, the future potential of the CMM approach is evident from the 
fact that both N62C-S-CH 3 and M222C are superior transesterification catalysts to WT, with 
N62C-S-CH 3 giving higher yields in a shorter reaction time in transesterification reactions 
that WT when primary alcohols are used with 2 as acyl donor. Furthermore, M222C itself 

1 5 has been found to be an excellent catalyst for the transesterification of secondary alcohols. 

It is understood that the examples and embodiments described herein are for 
illustrative purposes only and that various modifications or changes in light thereof will be 
suggested to persons skilled in the art and are to be included within the spirit and purview of 
this application and scope of the appended claims. All publications, patents, and patent 

20 applications cited herein are hereby incorporated by reference in their entirety for all 
purposes. 
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